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GENERAL ASTRONOMY. 


PREDICTION REGARDING THE SOLAR CORONA OF THE TOTAL 
ECLIPSE OF APRIL I5-16, 1893.* 


FRANK H. BIGELOW. 

I shall venture to make the following prediction regarding the 
position of the corona of April 15-16, 1893, as seen by an ob- 
server on the Earth, including also the places of the coronal poles, 
and the relative distribution of the stream lines in the corona 
itself. Using the following notation and elements : 

N, the ascending node of the Sun’s equator on the ecliptic, 74°. 

I, the inclination of these planes, 7° 15’. 

W, the inclination of the Earth’s orbit, 23° 27’.3, we have, 

L, the heliographic longitude of the Earth or center of disk, 
313° 2’.5. 

D, the heliographic latitude of the Earth or center of disk, — 5° 
18’.7. 

If K is the pole of the ecliptic, 

S the pole of the Sun’s axis, 
E the pole of the Earth’s axis, 
C the pole of the corona, 
and their projections on the plane perpendicular to the line of 
vision, passing through the center of the Sun, K, N, P, M, respec- 
tively, and if O is the apparent center of the disk, then the angles, 
H=KOS= 4° 56’.5, 
G = EOK = 21° 10’.1, 
and H+ G = EOS = 26° 6’.5. 


Co-ordinate angles from the Sun’s axis being taken as positive 
in both hemispheres towards the west, and negative towards the 
east; as positive on the earthward side of the plane of projection, 
and negative on the opposite side, the co-ordinates of the coronal 
poles referred to the plane passing through KO, perpendicular to 
the line of vision; and to the plane through SO, including the line 
of vision, will be: 





* Communicated be the author. 











Prediction regarding the Solar Corona. 


for the north coronal pole, NM = — 412°, east, 
MC = — BD°, back; 

for the south coronal pole, NM = + 1°, west, 
MC = + 81,°. front. 


Hence the heliocentric longitude of the Earth being 208°, that 
of the north coronal pole will be 108°, and that of the south cor- 
onal pole will be 214°, approximately. 

The following diagram results from projecting orthogonally 
the north polar regions of the Sun downwards upon the plane of 
the ecliptic, and the south polar regions upwards upon the same 
plane. 

The diagram of the stream lines in the corona is obtained by 
projecting the shadow of the model of the Sun and its corona, 
already described, upon a screen, after it has been placed in posi- 
tion by the following data, due to a method not yet published. 
‘Take June 12.22, 1887, as the epoch when the south pole of the 
corona is in the plane passing through the centers of the Sun and 
the Earth perpendicuiar to the Ecliptic, and between the Earth 
and the Sun, then the synodic period 26.68 days gives April 
15.60, 1893, as the next preceding recurrence before the eclipse. 
The diagram explains itself quite clearly so that a description of 
it is not needed here. The figures on the outer circle are the an- 
gles, counted from the axis k, to the middle of the bunch of 
overlapping stream lines superposed in projection, those on the 
inner circle referring to the axis S. In pictures of the corona, 
these concentrations appear as the quadrilateral projections, and 
will not generally show individual stream lines. Such rays as 
are separated from each other, for the most part cluster around 
the poles within these bunches, although sometimes a line or two 
can be made out on the equatorial side of them. 

The diagram cannot hope to represent the exact lines that may 
appear at the eclipse, for obvious reasons, but it may succeed in 
showing the general distributions of the lines as regards the 
poles of the Sun or of the ecliptic. Thus, the compressed side of 
the corona is eastward, and the open side westward of the disk 
of the Sun; the N. E. quadrant should appear thin and short, 
but the N. W. fuller and longer as to its lines, the two southern 
quadrants being more symmetrically disposed. 

I fear that at the eclipse of 1893 the conditions of solar out- 
put will be so intense as to obscure the lines entirely, because the 
only photographs of the corona that are available for measures 
were secured at times of the minimum eruptive energy of the Sun, 








VIIM 


The Origin of Holmes’ Comet. y9 


namely in 1878 and 1889. I shall look on that date, April 16, 
1893, also for spottedness of the Sun’s surface above the average 
for magnetic and auroral disturbances, and for marked changes 
in the barometric pressures from high to low throughout the 
northern hemisphere. 

It should be remarked that the data thus furnished are more a 
test of the accuracy of my epoch and period of rotation of the 
Sun than of the theory of its physical constitution that I have 
advocated in earlier papers on the corona. 

In order to obtain valuable photographs of the stream lines of 
the corona for measurements it is essential that the telescope used 
have a long focus, more than ten feet if possible; also it is shown 
by experience that all such good pictures have been taken with 
rather short exposures, usually under three seconds; and further- 
more the best emulsions for holding the inner and the outer re- 
gions of the corona, without burning the inner parts, have been 
made with collodion and not with gelatine. 


NOTE ON THE PROBABLE ORIGIN OF HOLMES’ COMET.* 


SEVERINUS J. CORRIGAN. 

In quest of the identity of the celestial bodies which have, pro- 
bably, been in collision and thereby produced Holmes’ comet ac- 
cording to the hypothesis which I have enunciated in No. 111 of 
ASTRONOMY AND AsTRO-PHysics, I have completed the examina- 
tion of the list of those asteroids whose elements have been 


-determined, whose number now exceeds three hundred. 


The process of examination was very simple. I assumed that 
the hypothetical collision occurred on, or shortly before, the date 
of discovery, Nov. 6, 1892. 

In support of this assumption I adduce the fact that this comet 
when discovered was of such considerable dimensions and bright- 
ness, that it surprised the discoverer, who had examined the 
same immediate region of the heavens in which this body was 
discovered, only twelve days before he found the latter, without 
seeing anything that would indicate the approach of so conspi- 
cuous an object, a fact which cannot be accounted for by the hy- 
pothesis of a rapid approach of the comet to either the Sun or 
the Earth, because the elements clearly show that on Nov. 6 
and thereafter, it was receding from instead of approaching both 
those bodies. 


* Communicated by the author. 
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Furthermore the rapid expansion of the volume of the comet, 
shortly after the time of discovery, indicates very clearly that the 
catastrophe could not have occurred very long before that time. 

From the elliptic elements computed by Rev. Geo. M. Searle, 
and given in the last number of this magazine, I have found that 
the radius vector of this comet was on Nov. 5.0, approximately, 
2.286, the heliocentric longitude nearly 35°, and the heliocentric 
latitude about + 18°. The next step was, obviously, to find if 
possible, such of the known asteroids whose radii-vectores and 
heliocentric longitudes and latitudes were the same, or nearly the 
same, on Nov. 5.0, 1892, as those of the comet on the same date. 

The well-known relation between the longitude, /, the latitude, 
b, the inclination, i, and the node, @, expressed by the equation, 
tanb = tan i sin(/— ©), furnishes one criterion by which the 
question of the retention or rejection of any asteroid as a possi- 
ble component of the comet, can be rapidly decided. In the first 
place, it is plainly apparent that no asteroid whose inclination 
lies below about 18°, is admissible; therefore, a large majority of 
those on the list were rejected on mere inspection. 

Furthermore, the equation shows that for each inclination 
above 18°, there must be two definite positions (corresponding 
to the angle (J— &) and to its supplement) which the node of 
any asteroid must occupy in order that such body could be, at 
any time, at the point where the comet was on Nov. 5.0, and 
where the collision is assumed to have occurred. This condition 
caused the rejection of a majority of the bodies retained after the 
first inspection. Only the computation of the heliocentric longi- 
tude and latitude and finally of the radius-vector of each of the 
very few residual asteroids, was then necessary to complete the 
examination, the result of which was negative; no asteroids. 
were found that fulfilled all the necessary conditions. If the 
known asteroids constitute the entire group, this result would be 
fatal to the hypothesis which I have advanced. But there is. 
sufficient evidence to demonstrate that the number of these 
bodies cannot be limited to any small amount. If the number dis- 
covered decreased with each succeeding year, we might infer a 
quite moderate limit, but the discoveries have gone on from year 
to year, with frequency quite undiminished; therefore, the limit. 
of the numbers must be very great. 

Furthermore, it is reasonable to suppose that the vast space 
between the orbits of Mars and of Jupiter should contain much 
matter, if not in the form of a considerable planet at least in that 
of a group of small planetary bodies, such as the asteroids are 
known to be. 
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Now, while the diameter of the smallest known asteroid can- 
not be well determined by actual measurement, yet judging by 
magnitude, and the ordinary light reflecting power, it is proba- 
bly below 20 miles, and very likely much below that amount. 
Therefore, it would require more than 9,000,000 of such masses 
to constitute a body equal even to the small planet Mars. Of 
course, I do not mean to say that there are that many asteroids, 
but only to show that their number is probably very great. I 
think that it will not be considered unreasonable to assume that 
the number of smaller asteroids, quite beyond the reach of the 
telescope, may be reckoned by tens of thousands. I would liken 
the whole group of these bodies to the rings of Saturn which are 
probably composed of a vast number of minute satellites. 

Admitting, therefore, that the number of undiscovered asteroids 
is very great as compared with those discovered and whose ele- 
ments are known, it is at once apparent that the probability 
that the component bodies, forming the comet, were undiscovered 
asteroids is, practically, equivalent to a certainty. Therefore, 
while the negative result of my examination of the list of the 
known members of the group diminishes the probability of the 
truth of the hypothesis which I have advanced in regard to the 
origin of Holmes’ comet, the diminution is so small that this hy- 
pothesis is not materially affected thereby ; the only consequence 
is that it must ever remain a hypothesis pure and simple. 

The probability of its truth must depend upon the fact that the 
cometary elements are such that they might well represent those 
of a member of the asteroid group, and upon the further fact that 
under no other hypothesis can the anomalous phenomenon of an 
increasing apparent diameter and an increasing geocentric dis- 
tance be so rationally and satisfactorily explained. True, it 
might, with some show of reason, be conceived that this comet is 
the result of the explosion of a single asteroid, but the difficulty 
of determining the probable cause of such an explosion would be 
much greater than that of the original problem; the supposition 
of a collision is much more tenable. Theoretically, even such a 
catastrophe must be one of extreme infrequency, and this is illus- 
trated by the fact that in the whole history of astronomy no 
such peculiar phenomena as those connected with the Holmes’ 
comet, have been noted. There is also naturally suggested, in 
this connection the kindred hypothesis that some of the comets of 
short period, notably Faye’s, D’Arrest’s and Tempel’s may have 
had their origin, likewise, in the collision of members of the group 
of asteroids. 

St. Pau, Minnesota, Jan. 7, 1893. 
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ASTRONOMY IN 1893. 
WM. W. PAYNE. 


More than one month of the new year will have passed before 
these suggestions will be read by those for whom they are in- 
tended. Inthe January issue of this publication little was said 
about changes or plans for 1893, because they were not definite- 
ly arranged then; neither are they completed now so as to speak 
of them in detail satisfactorily. However something will be in- 
dicated in this brief article regarding the place this periodical 
may fill before we are done, after other suggestions are made con- 
cerning the outlook for Astronomy for the vear 1893. 

One noticeable feature of the present status of practical or ob- 
servational astronomy is the multiplication of good and useful 
astronomical instruments. The increase in size, the various kinds 
and the expensive outlays for such equipments indicate some- 
thing of the plane of activity of prevailing thought that concerns 
immediate plans for the benefit of astronomical science in general. 
The founding of Lick Observatory a few years ago, a similar un- 
successful attempt later by the University of the Pacific at Los 
Angeles, the planning of the 10-foot mirror in France, the 40-inch 
refractor in process of construction by Mr. Alvan Clark of Cam- 
bridgeport, Mass., at the present time for the Yerkes Observa- 
tory of the University of Chicago, besides other mammoth 
schemes in the interest of astronomy not yet made public, suffic- 


iently show the drift of public thought in regard to the tools of 


the astronomer for modern research. This means very much for 
science when it is remembered that the largesums of money neces- 
sary for these grand enterprises come, in most cases from per- 
sons of wealth, not especially skilled in science, but who have in- 
telligent and hearty interest in its true and rapid progress in al- 
most every way that meets the approval of men having recog- 
nized ability in astronomy. A person can not be mistaken 
concerning the breadth of this philanthropic spirit, when he 
notices that there is a demand at Roberts’ College, in Turkey, for 
a supply of astronomical instruments which will cost $10,000. 

The money has been given, and the instruments are now being 
made in this country for that college. A like request has already 
come from Anatolia College, at Marsovan, Turkey, for a similar 
outfit of instruments, and it must and will be met promptly. In 
this last case an Armenian scholar has been in special training for 
nearly three years, in a post-graduate course in mathematics and 
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astronomy at the Goodsell Observatory of Carleton College, for 
the purpose of fitting himself thoroughly for instruction and 
practical work in these branches in Anatolia College. 

This suggests also the fact that more attention is being given 
to the proper training of teachers and scholars in mathematics 
and astronomy during the last three years than previous to that 
time. Able astronomers and mathematicians are in demand in 
professional life, at fair or inviting salaries, and they have little 
time to give to the instruction of students in special lines. If this 
work is done as it should be, it must be done by colleges fitted 
for it, with courses, instructors, equipments and time for thor- 
ough work. A few years ago it would have been difficult to find 
such opportunities anywhere in the world, if we except a very 
few places. But it is differentnow. There are already a number of 
colleges in this country that are offering excellent opportunities 
for exactly the preparation that is needed for work of high char- 
acter. All this contributes in more ways than one to the end of 
original study in some of the various branches of astronomy. 

Then, the really important question is how isit possible to bring 
all these means of study, all these astronomers, professional and 
amateur, all these observatories and isolated instruments into 
useful and associated activity so as to bring out the most and 
the best results possible for the general advancement of astron- 
omical knowledge. However desirable it may be to have many 
changes in the existing order of things, it is not possible to bring 
it all about in a single year. No one will suggest or endorse this. 
But it is true that something useful to astronomy can be done. 
In view of the true scientific spirit of the times it seems as if some- 
thing ought to be done. 

As a first step towards arousing a broader and a more lively 
interest in work going on by the professional astronomer, it 
may be suggested that the whole field ought to be better un- 
derstood by the individual werkers in the different parts of it. 
This might be done if astronomers were willing to make brief 
and regular reports to the astronomical journals of different 
countries, or even to one, if to report to more would be irksome. 
This publication has several times suggested this point, and, as 
often, offered to publish such accounts of their work regularly, 
as astronomers were willing to furnish. But only limited res- 
ponse came in consequence of it. The reason may be that most 
of the professional workers are not in the habit of this thing, 
and neglect it; or they are too busy and have no time to give to 
it. If either supposition is true, it is to be regretted. However, 
we are of the opinion that if a suitable leaflet or blank should be 
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prepared and sent to astronomers generally, soliciting such items 
of news, facts and notes concerning individual work, discovery, 
theory or plan, that something useful would come of it. This 
will be undertaken soon, and suggestions concerning it from any 
source, will be thankfully received. We have no prizes to offer in 
this direction. It would doubtless greatly aid the enterprise if 
we had. That which is done in respect to prizes for useful comet 
work, as offered in a recent number of The Astronomical Jour- 
nal is an excellent thing. It is producing good results in some 
quarters already. The Journal will doubtless, have ail the comet 
matter it can take care of in the future, and cometary astronomy 
will be fostered generously. It is to be hoped that many other 
generous persons will recognize a like need in the proper study, 
classification and records of the minor planets. This theme has 
grown so large that it is a burden to the ordinary observer to 
keep track of it. A single illustration will. show this. In at- 
tempting to account for the origin of the Holmes’ comet after 
its orbit had been determined, the thought was suggested by 
two astronomers independently, that its sudden appe#rance may 
have been caused by the collision of two asteroids. As shown 
elsewhere in this issue a reasonable test of this hypothesis would 
be found in a somewhat critical examination of many of the or- 
bits of the asteroid belt, with the aid of some important facts 
about them all. The present knowledge of the orbits, motions 
and places of the minor planets is not so complete or so well ar- 
ranged and stated, as to make it an easy task to obtain the 
needed data for the study of this interesting question. This is 
saying nothing against that model work in this field which has 
been done by Professor Daniel Kirkwood. Indeed, it is such 
work as his with that of some others in Europe that has opened 
the door of possibility in this direction, and shown what may 
be done individually and from personal interest in a given theme. 
Now, if means and coéperation may be secured to put such need- 
ful work forward, und systematize it, knowledge of the theme it- 
self and others related to it will certainly be improved. What is 
said of this particular field, may also, as well be said of many 
others. The general thought is systematic and associated work, 
with suitable endowment for it. There are competent scholars 
enough, instruments are not wanting, the desire, on the part of 
many, to do some useful work in astronomy was never greater. 
If, now, the year 1893 should bring about some needed changes 
in regard to these important suggestions, the advantages gained 
would richly repay all possible judicious outlay of money and 
energy to secure them. 
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THE STAR OF BETHLEHEM.* 


LEWIS SWIFT. 


I have read with great interest, as published in the Astronomi- 
cal Journal of Noy. 26, Prot. Stockwell’s “‘Supplement to Recent 
Contributions to Chronology and Eclipses.’’ It shows much re- 
search and mathematical computation, and appears to add to 
our scanty knowledge of ancient chronology not only, but to set- 
tle many disputed points as well, but the concluding portion of 
the article relative to the star seen by the Wise Men in the east, 
though interesting and ingenious, is, in my opinion, untenable. 

He proves from mathematical calculations that B. C. 6, there 
occurred on May 8 of that, year, a close conjunction of the plan- 
ets Venus and Jupiter (yet 32’ asunder at their nearest ap- 
proach), and, therefore, infers that this was the phenomenon 
which was seen of the Magi. He emphasizes the fact that the 
conjunction took place in the eastern morning sky which to his 
mind, harmonizes with the scriptural account, ‘‘For we have seen 
his star in the east.”” But this interpretation of the passage is 
strained and one it will not bear. Its meaning is simply this: 
that while they, themselves, were in the east they saw the star, 
not that the star was to the east of them. It isas if a person from 
Georgia who, while in this latitude, should witness an auroral 
display, and should assert that he had seen the same phenome- 
non in the south, not intending to convey the idea that the au- 
rora was observed in the southern sky, but that he, the specta- 
tor, was stationed in the south. Or, again a man writing from, 
say, Oregon, a description of the geysers in the National Park 
might declare them the greatest wonder in the west, and yet he 
certainly would not be held to indicate that the National Park 
lay to the west of him. 

Considering the star as of celestial origin, it is self evident 
that whether a conjunction of two planets, a bright comei, or 
the sudden appearance of a temporary star like that of 1572, as 
some contend, the body must have presented the same aspect at 
Jerusalem as in the east, which was not the case, or the troubled 
queries of Herod, who inquired diligently of the Wise Men what 
time the star appeared, would have remained unasked. Though 
all Jerusalem was troubled at the announcement, it is evident 
that no unusual celestial phenomenon was witnessed. 

Again, the Magi were, doubtless, aged men who must many 


* Communicated by the author. 
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times have beheld a conjunction of bright planets as well as the 
apparition of a brilliant comet, and so common an event as 
either would hardly have induced them to undertake so long a 
journey with the dubious prospect, from so ordinary an omen, of 
finding the promised Messiah. 

According to Professor Stockwell the two planets were at their 
nearest approach over a half a degree apart, and of course, ap- 
peared as two separate stars, which fact is at variance with their 
statement, for they saw but one. 

That this conjunction was supernatural, or, that the birth of 
the Savior was deferred until this celestial phenomenon occurred, 
are both assumptions too unreasonable to be accepted. 

Taki»ginto consideration that the Bible makes mention of only 
three kinds of heavenly bodies, viz.: Sun, Moon and stars, and 
that every unusual light, celestial or mundane, was called a star, 
I feel justified in emphatically asserting that what the Wise Men 
saw was not a star at all but a supernatural light which, quite 
likely, appeared in their own dwellings or, at least, at their dwell- 
ing places, and was not again visible until their arrival near Beth- 
lehem when it re-appeared and ‘‘ went before them till it came 
and stood over where the young child was.” 

As Venus was approaching superior conjunction with the Sun, 
it is plain that another with Jupiter could not occur, and, hence, 
the question arises, if the*‘star’’ they saw while in the east was a 
conjunction of Venus and Jupiter, what one was observed on 
nearing Bethlehem? The Bible declares it to have been the same 
star, but as several days or weeks were spentin journeying to the 
place of the Nativity, and as Venus was moving rapidly away 
from and was, probably, by the time of their arrival at Bethle- 
hem, from ten to twenty degrees east of Jupiter, it could not pos- 
sibly have been the same conjunction. 

A star proper cannot by any possibility £0 before and guide a 
person to any particular house, any more than it can indicate a 
certain branch of a solitary tree. 

Taking into consideration all the circumstances connected with 
this much discussed question, I am strongly of the opinion that, 
though of Divine origin, the phenomenon seen of the Wise Men 
was wholly terrestial and local. The theory of Professor Stock- 
well robs the extraordinary event of all supernaturalism, not 
only, but antedates the generally received time of the Saviour’s 
birth by two years, or more than a year before the angel’s an- 
nunciation. 

WARNER OBSERVATORY, 
Rochester, N. Y., Jan. 3, 1893. 
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THE ABSORPTION OF LIGHT IN SPACE.* 


W. H. S. MONCK. 


The problem whether any appreciable quantity of light is ab- 
sorbed in traversing space has often been mooted without re- 
ceiving satisfactory answer. It seems clear indeed either that 
there is such an absorption, or that there is a gradual thinning 
out of the stars—at least of luminous stars—as we proceed out- 
wards from the Sun. For otherwise, the entire sky would glow 
with at least the brilliancy of the full Moon. And this conclu- 
sion is supported by other reasons. Taking the light-ratio of 
2.512 to 1 for one magnitude, the stars of any given magnitude 
would be nearly four times as numerous as those of the magni- 
tude next below it, assuming that the average distribution was 
uniform and that no light was lost in transmission. But so far 
as photometric measurements have extended, the proportion is 
always less than this. Three to one would be nearer the mark 
than four to one and would probably be too high also. A loss of 
light in transmission affords perhaps the most satisfactory ex- 
planation of this difference. 

It recently occurred to me that a comparison of the proper 
motions of the stars of different magnitudes might lead to a so- 
lution of the problem. Assuming the average velocity of the 
stars to be the same at all distances from us, their average 
proper motions would vary inversely as the distance. Supposing 
then, that a difference of one magnitude corresponds to a ratio of 
2.512 to 1 in the amount of light, it corresponds to a ratio of 
1.585 to 1 (the square root of the foregoing) in the average dis- 
tances, or pretty nearly toa ratio of 1.25 to 1 fora half-magni- 
tude. The average proper motions should diminish in this ratio 
for each half-magnitude assuming that there is no loss of light. 
But on the assumption of a loss of light in traversing space, the 
light of a distant star will diminish more rapidly than in the ra- 
tio of the inverse square of the distance. The distance-ratio, 
corresponding to a difference of half a magnitude, will, therefore, 
be less than 1.25 to 1, and the average proper motion will, of 
course, be diminished in less than that ratio. It seemed, there- 
fore, that there was a prospect of deciding the question by a 
comparison of the proper motions of a number of stars whose 
photometric magnitudes had been determined, and ascertaining 
the rate at which these proper motions diminished for each half- 
magnitude. 





* Communicated by the author. 
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I had already noticed that there were great differences in the 
proper motions of stars of the same magnitude with different 
kinds of spectra, and I therefore resolved to take the results 
separately for the Sirian stars (A and B of the Draper Catalogue, 
the Arcturians (H, I and. K of the same Catalogue) and the Ca- 
pellans (E and F). I took up the Pulkova Catalogue of Proper 
Motions and ascertained, in as many cases as possible, the spec- 
trum of the star together with its photometric magnitude (from 
the Harvard Photometry). The number of stars between 4.0 
and 6.5 seemed large enough to warrant taking the results sepa- 
rately for each half-magnitude; though I suspect that those for 
magnitudes 6.0 to 6.5 are too high, many stars having been in- 
serted in this part of the Pulkova Catalogue on account of their 
large proper motions where their compeers with smaller proper 
motions are omitted. I examined the proper motions in declina- 
tion only, as those in R. A., which would be more troublesome to 
tabulate, probably followed the same law. To avoid the effect of 
a few stars with abnormally large proper motion, I took as the 
mean the point where the number of stars with greater and less 
proper motion was equal. Lastly, as Auwers’ Catalogue con- 
tains a larger number of bright stars than the Pulkova Cata- 
logue, I carried the table back to magnitude 3.0 by consulting 
it—omitting, however, the division 3.0 to 3.5 in the case of the 
Capellan stars because I had only 5 stars of this class to deal 
with. The following are my results: 


SIRIAN STARS. 


Magnitude Stars Av. Motion Magnitude Stars Av. Motion 

in N. P. D. in N. P. D 
3.0 to 3.5 29 0.0345 5.0 to 5.5 283 0.018 
3.5 to +.0 +6 0 0255 5.5 to 6.0 236 0.018 
4.0 to 4.5 57 0.021 6.0 to 6.5 72 0.021 
4.5 to 5.0 149 0.01% 


ARCTURIAN STARS. 


Magnitude Stars Av. Motion Magnitude Stars Av. Motion 

: in N. P. D. in N. P. D. 
3.0 to 3.5 24 0.036 5.0 to 5.5 158 0.0255 
3.5 to 4.0 46 0.0545 5.5 to 6.0 150 0.025 
4.0 to 4.5 46 0.031 6.0 to 6.5 45 0.025 
4.5 to 5.0 91 0.026 


CAPELLAN STARS. 


Magnitude Stars Av. Motion Magnitude Stars Av. Motion 
in N. P. D. in N. P. D. 
35 to 4.0 13 0.154 5.0 to 5.5 75 0.067 
4.0to 45 14 0.109 5.5 to 6.0 82 0.047 
4.5 to 5.0 41 0.044 6.0 to 6.5 32 0.062 
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These results are hardly satisfactory. With the fainter Sirian 
and Arcturian stars indeed, the ratio of decrease is very decidedly 
less than 1.25 to 1 for each half magnitude, but the difference 
seems too great to be accounted for by the loss of light in space. 
The average motion in these cases is very small and I suspect 
that errors of observation and computation contribute largely 
to the result. Where the quantities of motion are larger, as in 
the Capellan stars and the brighter Sirians and Arcturians, there 
js considerable fluctuation in the results, but I do not think it can 
be said that taking them all round, the average decline is less 
than 1.25 to 1 for each half magnitude. The data which I have 
examined would thus appear insufficient to decide the question. 
It may be worth while, however, to give another table setting 
out the results obtained for all the stars including some whose 
spectra are not given or are not reducible to any of the foregoing 
heads. In this table those between magnitudes 3 and 4 are 


taken from Auwers’ Catalogue and between 4 and 6.5 from the 
Pulkova Catalogue. 


AVERAGE. 
Magnitude Stars Av. Motion Magnitude Stars Av. Motion 
in N. P. D. in N. P. D. 
3.0 to 3.5 . 65 0.032 5.0 to 5.5 548 0.022 
3.5 to 4.0 124 0.044 5.5 to 6.0 503 0.022 
4+.0 to 4.5 121 0.025 6.0 to 6.5 173 0.021 
4.5 to 5.0 305 0.023 


I do not think the absorption of light in space can be great 
enough to account for this extremely slow rate of diminution. 
When the other causes are discovered, we shall be better able to 
judge of their sufficiency without calling in the aid of this ab- 
sorption. The problem may perhaps be approached in a differ- 
ent way, viz., by ascertaining the number of stars with different 
amounts of proper motion and finding how the number of stars 
increases as the motion diminishes. But here too, I fear our Cat- 
alogues are not, at present, complete and accurate enough to af- 
ford decisive results. 





PHOTOGRAPHING MINOR PLANETS.* 


DR. MAX WOLF. 


In December 1886, Dr. Isaac Roberts first succeeding in photo- 
graphing with his telescope the minor planet Sappho, estimated 
to be of the 11th magnitude. The planet described a short trail 


* From the Journal of the British Astronomical Association, Dec. 17, 1892- 
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on the plate amongst the stars near the place of the ephemeris; 
and from the plate the correction of the ephemeris was immedi- 
ately obtained. 

The difficulty in detecting a minor planet, amongst the enor- 
mous number of faint stars, by eye-observation is very great, be- 
cause it is only by its movement that the planet can be discerned. 
The observer must, therefore, make a diagram of the region in 
which he supposes the planet to be. After a time, on comparing 
the diagram star by star with the sky, he finds that one star— 
the planet he sought for—has moved, always supposing, that is 
to say, that he has examined its right place, and not, by mistake, 
a neighboring but inaccurate position. Photography holds out 
two great advantages over that method; it gives a larger field, 
while the planet marks its trail and therefore immediately dis- 
tinguishes itself from the surrounding stars. 

I commenced photographing minor planets in August 1890, 
using both a telescope lens of 16.2cm. aperture and 262cm. focal 
length, and an aplanatic lens of 6em. aperture and 44cm. focal 
length. I was seeking for several lost asteroids at the time dur- 
ing several nights, and used ten plates with long exposures. I 
had no success because I could not employ suitable lenses, the 
focal length of the first employed being too long, and the aper- 
ture of the second too small. To photograph minor planets 
both a large field and a marked brightness of image is required. 
For photographing nebule the brightness* has as factor the 


: D ‘ : . a 
quantity Ju, where D is the diameter of the object-glass and F 


the focal length of the lens employed. But it is quite a different 
thing with asteroids, of which the area is a ‘‘point.’’ The 
brightness of the image on the plate would be the same as from 
a fixed star of equal intensity. It would have as factor the 
quantity D*, if we neglect for simplicity’s sake the small influence 
of the focal length. But the asteroids are moving and are draw- 
ing a trail amongst the stars on the plate. This trail becomes 
longer when using a lens of longer focus, the intensity of a plane- 
tary trail drawn by a longer focus lens is diminished. It there- 
; P . - 
fore results that the brightness has as factor the quantity Ee 
To photograph asteroids, therefore, we need a lens with an 
aperture as great as possible, with a focal length as short as pos- 
sible, and giving a large field; as for instance, a large portrait 
lens. 
From this point of view I recommenced the photography of 


Journal, British Astronomical Association, 1891, p. 252. 
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minor planets in November 1891, using my 5%4-inch Kranz ap- 
lanatic lens. After some experiments in focussing the plate, I 
succeeded in getting on my plate, on the evening of December 22, 
the first new minor planet discovered by means of photography. 
This is No. 323, ‘‘ Brucia.’’ On the same plate I found the lost 
planet 275, ‘‘ Sapientia,’’ beth of the 12th magnitude. 

For the identification of this planet, and also for invaluable 
assistance in calculation, I am indebted to Herr Berberich, of 
Berlin, the well-known ‘‘surveyor”’ of the orbits of asteroids. 

Since then I have photographed a great number of old and new 
minor planets. From 1891, November 28, till 1892, April 25, I 
got 125 different positions of 58 different minor planets; 17 of 
which were new discoveries. 

For the most part the positions were roughly taken from the 
Argelander charts, but a great number were measured. This 
measurement is quite simple. A microscope with a long focus 
object lens and supplied with a filar micrometer in the eve-piece 
is alone required. The distance of the middle of the planetary 
trail from several known stars on the plate is measured. The 
distances give, by a simple trigonometric example, the differences 
in R. A. and in N. P. D. from one of the known stars. The ac- 
curacy gained by this simple arrangement is within a fraction of 
one second of arc; the measures are therefore equivalent to eye 
observations. 

Since May 1892, besides many known planets, several lost, and 
several new planets have been discovered by my photographic 
lenses, and it has been found necessary since August, to introduce 
anew method of reckoning the newly discovered asteroids. 

I hope the fact will be of interest for your members that the 
new planet ‘1892 C,’’ was discovered by my friend, Mr. A. 
Staus, who is a member of your Association. 

The success already obtained proves that it is easy to find all 
the hitherto lost minor planets, and to arrange for a simple and 
sure watch over all the known asteroids, working with lenses of 
large field and great light-grasping power, and by means of the 
self-registering action of the planetary trails on the photo- 
graphic plates. 

The work is very straining and fatiguing, because I have to ex- 
pose each plate for two hours, controlling without intermission 
the driving clock by the guiding telescope. But this is only 
caused by the want of means to procure a larger lens and a 
better clock, and unfortunately there is little hope of obtaining 
them in Germany. 

HEIDELBERG OBSERVATORY, 1892, September. 
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THE DOUBLE STAR »* 2145.* 


H. C. WILSON. 

On the night of June 8, 1892, while taking a measure of the 
double star 2 2145, I noticed that the larger component was 
itself a very close double, and estimated the distance at 0”.3. 
My measures gave position angle 44°.7; distance 0.52. I have 
reason to suspect, however, that for several nights during the 
summer a little knot on one of the micrometer threads caused 
them to catch a little as they passed so that I could measure 
nothing less than 0”.5. The night was a very fine one, bearing a 
power of 1,000 readily, and the stars were clearly separated. 
Several other close doubles were measured on the same night, 
among them O2 309, which is described in my notes having 
‘beautiful images; no rings; distinctly separated.’’ The power 
used in all the measurements was about 500. On subsequent 
nights, when the seeing was fair the close components of = 2145 
could not be distinctly separated but on every occasion the elon- 
gation was easily noticed. 

I speak of this star because it is likely to prove an interesting 
binary and because its discovery indicates something of the ex- 
cellent defining power of the 16-inch refractor which was made 
for Goodsell Observatory by Messrs. Hastings and Brashear. 
Both Professor Hough and Mr. Burnham on different occasions, 
not, however, under best atmospheric conditions, tried the star 
with the 18-inch refractor of Dearborn Observatory and failed to 
detect duplicity or elongation. 

At Mr. Burnham’s request Mr. Barnard looked up the star 
with the 36-inch refractor at Lick Observatory and pronounced 
it a fine double. He has recently sent me his measurements, 
which I give below. 

The Struve pair has been measured by several observers since 
1829 and its distance has increased 3”, evidently from proper 
motion. It seems from this that the new pair must be a binary 
and that its distance has for the last 60 years been very small, 
otherwise some of the observers must have detected it. The 
following are all the measures which I have at hand. Some of 
the earlier measures were kindly furnished me by Mr. Burnham: 


* Communicated by the author. 
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MEASURES OF THE = Pair. 


Epoch. Pos. Angle. Distance.: No. ot Nights. Observer. 
1829.68 174.4 9.72 1 Struve. 
32.30 174.1 9.87 1 yi 
43.65 177.0 ‘10.61 3 Madler 
45.17 177.2 10.74 4 -" 
51.69 176.9 11.29 ’ 
52.33 178.0 11.26 ne 
54.78 176.8 11.12 i _ 
58.72 REO hata da se 
63.41 178.2 11.32 a Dembowski 
76.47 178.8 12.93 1 Wilson and Seabroke 
77.45 179.1 12.64 1 Fletcher 
79.24 178.6 12.25 3 Schiaparelli 
79.37 177.9 11.89 2 Howe (Cincinnati 5) 
92.55 179.5 12.74 3 Wilson 


MEASURES OF THE NEW Pair By H. C. 











WILSON. 

Epoch. Pos. Angle. Distance. Magnitude. 
1892.437 44.7 0.52 8.0 8.5 

593 39.1 0.3 + est. 8.5 9.0 

596 43.2 0.3 + est. 8.0 9.0 

.609 48.9 0.67 8.5 9.5 

623 45.4 0.53 8.5 10.0 

.648 §1.1 0.42 5 10.0 ~ 
1892.584 45.4 0.46 8.3 9.3 

MEASURES BY MR. BARNARD. F 








1892.809 49.9 0.4 + est. nearly equal. 
S814 50.2 0.40 
847 49.0 0.43 








1892.823 49.7 0.41 
A 
= 21435. 
R. A. 175 12™; Decl. 26° 43’, 
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WORK FOR LARGE TELESCOPES.’ 
EDWARD C. PICKERING. 


A wide popular interest is now felt in telescopes of the largest 
size. The general public has no doubt an inordinate idea of what 
they should show. Some persons, however, considering the great 
cost and supposed limited field of work ofa large telescope, maintain 
that results of greater value might be reached by a different ex- 
penditure of money. Undoubtedly, in the United States, the cap- 
ital invested in large telescopes is out of all proportion to the in- 
come available for keeping them at work, and perhaps on this ac- 
count the results attained are less than might be expected. As 
difficulty is often found in providing suitable work for a large tel- 
escope, it may be worth while to enumerate some of the re- 
searches in which such an instrument might secure results which 
could not be obtained with a smaller instrument. As it is not 
easy to decide whether more useful results could de cbtained vis- 
ually or photographically, it would be a great mistake to make 
the instrument of such a form that it could not be used in both 
ways. This is readily done by making the front lens reversible, 
with surfaces of unequal curvature. The additional expense is 
slight, and the objection that the photographic field is diminished 
owing to the necessary separation of the lenses, is not important 
when the focal length is very great, since the available field is 
then larger than can be conveniently covered by a single photo- 
graphic plate. The only large lens as yet used in this way 
has an aperture of thirteen inches, and is now at the Harvard 
station in Peru. The photographic results in California, and the 
visual results in Peru indicate that when employed in either way 
its definition is unsurpassed. The focal length of the instrument 
here proposed should be as great as possible. The Bruce photo- 
graphic telescope will have such advantages over other instru- 
ments when a relatively short focal length is desired that compe- 
tition with it in this respect would generally be undesirable. 
The focal length is likely to be limited by the mechanical difficul- 
ties and the expense of constructing a suitable dome. The opti- 
cal difficulties diminish with the increase of focal length. 

A telescope of the largest size, constructed so that it could be 
used either visually or photographically, and mounted in a loca- 
tion where the atmospheric conditions were favorable could be 
usefully employed on either of the twenty researches enumerated 


* Communicated by the author. 
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below. A portion of them have already been undertaken with 
the 15 and 13-inch telescopes at the Uarvard stations at Cam- 
bridge and Arequipa. They should be extended to stars beyond 
the reach of the Harvard instruments. 

1. Micrometric measures of close double stars. The great 
focal length should render the errors extremely small. 

2. Micrometric measures of taint satellites. 

3. Positions of comets only when beyond the reach of smaller 
instruments. 

4. Diamete~ of planets, satellites and bright asteroids. 

5. Approach and motion of all known gaseous nebulz by vis- 
ual observations of their spectra, as has been done in certain 
cases at the Lick Observatory. 

6. Photometric measures of the light of faint stars selected as 
standards, including faint comparison stars for variables, stars 
selected from clusters, standards proposed by the Committee of 
the American Association (Proc. XXXIV, 1). The measures may 
be made with the aid of a wedge, a Zéllner photometer or an 
auxiliary telescope (Harvard Annals, XI, Part u, XIII, Part 1). 
7. Relative brightness of components of double stars (Har- 
vard Annals, XI, Part 1. 

8. Photometric measures of Jupiter's satellites, while undergo- 
ing eclipse. 

9. Measures of the intensity of the various portions of the 
brightest nebula, and the central portions of the fainter nebule. 
At Cambridge this is done by comparing with the image of a 
known star in an auxiliary telescope thrown out of focus by a 
measured amount. If the nebula has a stellar nucleus throw it 
also out of focus by a known amount. This gives the mean 
brightness of the vicinity of the nucleus. Apply the same method 
to comets. Measure clusters in the same way, throwing them 
out of focus until the separate stars are indistinguishable. This 
seems to indicate the density of the cluster, or ratio of the mean 
diameters of the stars to their distances apart. 

10. Observations by Argelander’s method of variables when 
too faint to be observed elsewhere. 

11. Examination of all stars brighter than a given magnitude 
for faint and close companions. 

12. Study of clusters in connection with photographs, to de- 
termine the number of stars in portions not resolved in the pho- 
photographs (see No. 16). 

13. Study of the surfaces of the Moon, planets and satellites 
with very high powers. This can be done usefully only if the lo- 
cation is such that the air is extremely steady. 
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14. Search for faint planetary nebule, bright line stars (near 
central line of the Milky Way) and stars of the fourth type. Use 
a direct-vision prism or a prism of small angle near the focus 
with an eye-piece of very low power. 

15. Study of the spectra of known nebule when large with a 
slit spectroscope, when small with the apparatus described in 
No. 14. Of the nine or ten thousand known nebule and clusters 
the spectra of about a hundred only are known to be gaseous 
and of a few hundred more to be continuous. The composition 
of all the rest is unknown. The spectra of some clusters may be 
peculiar. 

16. Photograph doubles and all clusters coarse enough to be 
resolved, and measure the relative positions and brightness of the 
components. 

17. Photograph Jupiter’s satellites while undergoing eclipse. 
Move the plate in declination every 5 or 10 seconds thus obtain- 
ing a series of images. 

18. Photograph the Moon and planets enlarging the image in 
the telescope by means of an eye-piece especially constructed for 
the purpose. 

19. Measure the approach and recession of the stars from 
photographs of their spectra as has been done at the Potsdam 
Observatory. 

20. Photograph the spectra of the coarse clusters and doubles 
with the apparatus described in No. 14. Short spectra with poor 
definition are thus obtained, but very faint stars can be photo- 
graphed and the separation due to the great focal length will 
show to which type they belong, even if they are very closely 
crowded together. 

The last five researches will be excluded if the telescope cannot 
be used photographically. In this case, something might still be 
done by using plates stained with erythosin. Great steadiness of 
the air, such as seldom occurs at existing Observatories, is requi- 
site for Nos. 1,4, 11,12,13 and18. For Nos. 3, 6, 9, 10, 14 and 
15, the sky must be dark and no electric lights near. 

HARVARD COLLEGE OBSERVATORY, 

Cambridge, Mass., Jan. 11, 1893. 
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THE ASTRO-PHOTOGRAPHIC CHART.* 


HAROLD JACOBY 


The general purpose of this important international enterprise 
is well known; but now that the making of the negatives has ac- 
tually begun, it may be of interest to give a brief sketch of the 
present condition of the work, as shown by the action taken at 
the more recent committee meetings. Some of the resolutions 
previously adopted have since been repealed or amended; others, 
though not formally repealed, have failed to be carried into exe- 
cution. It will thus be seen that there is now a tendency to al- 
low a certain flexibility in the interpretation of the resolutions. 
Whenever possible, individual opinion is to direct individual ef- 
fort, and absolute uniformity in the work of different observa- 
tories is to be insisted upon in matters of fundamental impor- 
tance only. There does not seem to be any probability that the 
enterprise will fail, either on account of differences of opinion, or 
from an attempt to attain too high a degree of accuracy or 
uniformity. 

Selecting from among the many details recently published con- 
cerning the work, it is interesting to note the way in which the 
plates are to be distributed upon the sky. It will be remem- 
bered that the photographic refractors are to have an aperture 
of 0".33, and a focal length of about 3".43. Thus a minute of 
are upon the sky will correspond to about 1" on the plates. 
The latter are to be 160"™" square, but the ‘effective field’’ is to 
be taken as only two degrees square. Now, neighboring plates 
are to overlap in declination by at least half their diameter, so 
that a star situated at the center of one plate will also be found 
near one corner of the effective field of the next plate. In order 
to accomplish this in the simplest way, the plates are to be ex- 
posed so that their centers will lie upon successive parallels of 
declination one degree apart. The whole sky will thus be cov- 
ered by successive bands of plates. Now the center of the first 
plate for bands of even declination will correspond to 0" O™ of 
right ascension. For the bands of odd declination, the first plate 
will be centered upon a point whose right ascension is approxi- 
mately the mean of the right ascensions belonging to the first and 
second plates of the neighboring band. This arrangement will 
be easily understood from the accompanying table. Near the 
equator it will be sufficient to have the other plates of each band 


* Communicated by the author. 
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follow at intervals of 8" of right ascension. But as the declina- 
tion increases, the right ascensions of contiguous plates will 
differ by more than 8", until at last, the polar band will contain 
one plate only. The arrangement finally decided upon is ex- 
hibited in the following table: 


TABLE OF ARRANGEMENT OF PLATES. 


Declination R. A. of First Plate Interval R. A. 
of Band. : of Band Consecutive No of Plates Total No. 
Even Decl. Odd Decl. Centres. in 1 Band. of Plates. 
. ° h m h m m 
0 to 27 0 if) 0 + 8s 180 4950 
28 to 36 i) ft) 0 4 9 160 1440 
37 to 48 7) 0 0 5 10 144 1728 
49 to 59 0 0 7) 6 12 120 1320 
60 to 63 0 7) 7) 8 16 90 360 
64 to 66 0 0 O 9 18 so 240 
67 to 70 0 0 0 10 20 72 288 
71 to 74+ 0 0 0 12 o4 60 240 
75 to 78 0 0 7) 15 30 48 192 
79 ta 82 0 0 7) 20 . 40 36 144 
83 to 85 i) tf) i) 30 60 24+ 72 
S86 to ST 0 i) 0 45 90 16 32 
88 7) 7) 120 12 12 
89 1 30 180 8 8 
90 1 1 
Total No. of Plates for one Hemisphere................c.cccccscsesescseee 11027 


The numbers in the fifth column of this table are obtained by 
dividing 1440 (the number of minutes in 24") by the interval of 
successive centres as given in column 4. The last column is ob- 
tained by multiplying the number of plates in one band (as given 
in the fifth column) by the number of bands (as indicated in the 
first column). But the plates whose centres are at 0° declination 
are credited half to each hemisphere. Thus, for instance, from 
37° to 48° there are 12 bands of 144 plates each, or 1728 plates 
in all. Now suppose we wish to know what plates will contain 
a star in R. A. 0" 47™, Decl. 39° 40’. The above table shows 
that it will be on the 6th plate of the 40° band and the Sth plate 
of the 39° band. For in accordance with the explanation al- 
ready given, the bands of odd declination have the first plate at 
0" 5" right ascension for declinations between 37° and 48°. 

Of course, in order to make certain that the plate is really ex- 
posed to the proper point on the sky, it is necessary for the as- 
tronomer to bisect a certain known guide-star, with the mi- 
crometer of the guide-telescope attached to the photographic 
equatorial. The selection of these guide-stars from the existing 
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star catalogues has caused considerable trouble. It was at first 
intended that they should not be further than 22’ from the centre 
of the plate, and the lists have been drawn up accordingly. But 
in order to accomplish this, it has been found necessary to admit 
many stars of less than the 9th magnitude. It has, therefore, 
been finally decided that each astronomer may select a fresh 
guide-star not more than 40’ from the center, whenever the star 
set down in the official list shall, in his judgment, appear too 
faint for easy observation in a bright field. 

It is perhaps unnecessary to reter to the much discussed ques- 
tion of the réseau. This consists of a plate of silvered glass, 
upon which two series of parallel lines are ruled so as to di- 
vide the whole surface into small squares 5"" by 5". Before 
the plates are exposed to the sky, they are covered with the 
réseau plate, and the whole exposed for a short time to par- 
allel light. In this way a latent image of the réseau is im- 
pressed upon the plate, and will appear during development. 
It is plain that by afterwards measuring the star’s positions 
with respect to the nearest réseau lines, we can secure results 
that are independent of any possible deformation of the film 
during development. It has been decided that the réseau shall 
be applied to all plates, but the method of application is left to 
the individual judgment of each astronomer. With regard to 
the focussing of the plates, no definite decision has been reached : 
but it is probable that the focal plane will be selected so as to 
give the best images for a point about 40’ from the centre of 
the plate. The orientation of the plates is to be such that one 
set of lines of the réseau will be parallel to the equator. For 
plates whose declination is greater than 65°, the orientation is 
to be referred to the equator of 1900; other plates will be ori- 
ented according to the apparent equator of the day. 

The question of duration of exposure, in relation to the photo- 
graphic magnitudes of the stars has given rise to much discus- 
sion. It will be remembered that the series of plates destined for 
the formation of the chart are to contain all stars to the 14th 
magnitude, while the series of shorter exposure, from whose ac- 
curate measurement a catalogue is to be constructed, must show 
all stars to the 11th magnitude. It seems likely that the discus- 
sion of this question will end in the simple practical expedient of 
making a trial negative each night of some type-region of the 
sky. Now, if the magnitudes of the stars in the type-region have 
been previously adopted as known, it will be easy to find out the 
exposure necessary on any particular night to insure the presence 
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on the negatives of all stars of the desired magnitude. This pro- 
cess will probably lead to a considerable degree of uniformity in 
the results from the several observatories. And after all, the 
astro-photographic project does not aim too high. It is intended 
to secure what astronomers have always sought for;—observa- 
tional results of the highest attainable accuracy. In order to 
prevent the occurrence of ‘false stars,’ such as would be caused 
by specks in the film, it may be found necessary to have double 
or triple images on the cliart plates. This question has not been 
definitely decided, but it seems probable that the plates of even 
declination will have single images, while the series of odd declin- 
ation, to be made later, will have triple images. 

With regard to the measurement of the catalogue plates, each 
observatory is to begin as soon as convenient. The measures 
need not necessarily be made at the observatory itself, but the 
plates may be sent for measurement to some other observatory, 
or to some “bureau of measurement.”’ The uncorrected results 
of these measures are to be published by the several observa- 
tories. The final reduction will be undertaken by the permanent 
committee, as soon as the question of standard stars can be 
settled. It is obvious that in the final rigorous computations 
the orientation and scale value must always be obtained trom 
measures of the images of several standard stars impressed on 
the plate. For the whole heavens, it would thus be necessary to 
know accurately the positions of some sixty or seventy thousand 
stars. Now the existing star catalogues are not sufficient to 
furnish these positions. It seemed, thereicre, as though the tinal 
reduction of the catalogue plates would liz ve to be deerred until 
the requisite number of stars could be determined in the meri- 
dian. Fortunately, a plan has been propesed by M. Loewy 
which will, in all probability, do away with this formidable diffi- 
culty. This plan consists in taking advantage oj the circum- 


stance that the plates overlap in declination by at least half 


their diameters. Indeed, it is obvious that by meats of the stars 
common to two overlapping plates, we can, as it were, connect 
the two together, just as though they were merely parts of a 
single plate. For this purpose it is, of course, not necessary that 
the stars common to the two plates should be previously well 
determined. Now as the arrangement of the successive bands is 
such that every plate has four others overlapping, it is clear that 
the above process will be equivalent to giving us a space of four 
plates; or sixteen, instead of four, square degrees, wherein to 
look tor standard stars. In so large a space, the existing cata- 
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logues will almost always furnish a sufficient number. It is diffi- 
cult to foresee any reason why this plan of M. Loewy’'s should 
fail: the results of a practical trial will doubtless soon be pub- 
lished, and will, it is hoped, set this important question definitely 
at rest. 

In conclusion, it may he of interest to set down the names of 
the several Observatories taking part in the work, together with 
the zones assigned to each for observation. 


TABLE SHOWING DISTRIBUTION OF WORK. 














No. ot 

Observatory Latitude Decl. of Zone. Zenith Distance. Plates. 
Greenwich +5129 + 90to+ 65 — 13 31 to — 38 31 1149 
ONG. isi Sessices - +4154 + 64to+ 55 - 13 6to—22 6 = 1040 
UCN iss cian indisaccsesscines + 37 30 +54to+ 47 -- 9 30to — 16 30 1008 
PUCUNOMUN SG: cicciciscscccciacscks +60 9 + 46to+a40 + 14 gto+20 9g 1008 
PONGUAID ois cci costs acess + 52 23 + 39to+ 32 + 13 23to+20 23 1232 
Oxtord.... +5146 + 31to+25 +20 46to+ 20 46 1180 
BANGIN ccssiiadirsnsins +48 50 + 24to+ 18 + 24 50to + 30 50 1260 
SUOPTIEGIES, sc <06cscncsicecsashcaies +4450 + 17to+ 11 +27 50tu 4+ 33 50 1260 
POMS chic Ste + 43 37 +10to+ § +33 37 to+ 38 37 1080 
SMU Rist cciccncncgesnrieantcedi cs + 3648 + 4to— 2 + 32 48to-+ 38 48 1260 
Da PECMARNO isc. dssess + 36 28 — 3to 9 + 39 28to+ 45 28 1260 
"PRCUNO LD cc532n: cesses +19 24 — wto— 16 + 29 24to + 35 24 ~~ 1260 
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Tat CIMETS OF 1332. 
Hi. C. WILSON 


Seven comets were discovered during 1892, all remaining visi- 
ble until nearly the close of the vear. Five of them are still visi- 
ble with large telescopes. Comet 1890 II was rediscovered at 
Nice, 1892, Jan. 6, but no further observations have hen re- 
ported. Wolt’s periodic comet, found by Barnard May 3, 1891, 
and the Temple-Swift periodic comet, found by Barnard Sept. 
27, 1891, were followed into the first months of 1892. Three 
periodic comets were due this year: Brooks 1886 {V, Tempel, 
and Winnecke. The first two were not found. 

CoMET a 1892.—Was discovered by Lewis Swift at Rochester, 


* Communicated by the author. 
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N. Y., on the morning of March 7. It was very bright and easily 
visible to the naked eve. At the time of its perihelion passage 
the tail of the comet was visible for 12° or 15° from the nucleus. 
Some beautiful photographs taken by Mr. Barnard at this time 
reveal interesting features in the structure of the comet which 
were not visible to the eve. Some of these photographs have 
been reproduced in Knowledge, Dec. 1892. The spectrum of this 
comet was observed by Campbell at Lick Observatory and found 
to be of the usual type, continuous for the nucleus and banded 
for the coma and tail. These observations were published in 
ASTRONOMY AND AsTRO-Puysics, Oct. 1892. The comet is still 
visible in large telescopes. With the 16-inch refractor of Goodsell 
Observatory on Jan. 12 it was faint, small and round, with a 
strong condensation in the center. It doubtless may be followed 
for another month yet. The orbit is very nearly a parabola. 
The elements calculated by Miss F. Gertrude Wentworth (Astr. 
Jour., No. 273) represent the path of the comet quite well up to 
the present time. 

Comet b 1892.—Winnecke’s periodic comet was found with the 
27-inch refractor at Vienna, March 18, within 4 in R. A. and 10’ 
in Decl. of the place predicted by Dr. E. von Herdtl (Astr. Nach., 
No. 3062). In June and July it was quite a bright telescopic ob- 
ject. By the last of October it was again so faint as to be visible 
only in large telescopes. 

CoMET c 1892.—Discovered by W. F. Denning, at Bristol, Eng., 
March 18. It has all the time been a very faint comet but at last 
reports was still visible with a 10-inch reflector. The orbit is 
probably a parabola. 

ComET d 1892.—Discovered by W. R. Brooks at Geneva, N. Y., 
Aug. 28. It was a bright telescopic comet with short tail. It 
increased quite rapidly in brightness reaching a maximum in 
December when the tail was visible to the naked eve, the length 
being about 5°. This comet is still visible but is too far south for 
observation in this latitude. The orbit is probably parabolic. 

CoMET e 1892.—Discovered on a photograph by Barnard Oct. 
12. It is the first comet discovered by photography, and it is re- 
markable that a comet so faint visually should have been thus 
discovered. The comet very quickly faded away becoming invisi- 
ble in the largest telescopes in a few weeks. The orbit is proba- 
bly elliptic. Professor Krueger has obtained a period of 6.3 
years. M. Schulhof has also computed elliptic elements, with a 
period of about 6 vears, but the observationms are too few to give 
any very certain results. M.Schulhof also calls attention to the 


XUM 





XUM 





H. C. Wilson. 123 


similarity of these elements to those of Wolf’s periodic comet. 
He suggests that the two have the same origin, are, in fact, parts 
of the same comet which separated at some time previous to 
1885. In that year they were in the vicinity of Jupiter together 
and suffered violent perturbations by the planet. A relatively 
small difference in their epochs of passing peri-jove would be suffi- 
cient to produce the considerable difference in their inclinations 
and excentricities. 

Comet f 1892.—Discovered by Edwin Holmes, in England, 
Nov. 6. So much has been said recently about this comet that it 
seems unnecessary to say more now;; yet, for the sake of complete- 
ness of this article, a brief recapitulation ought to be given. The 
comet was so bright when discovered that it could be seen with 
the naked eye, and as it was ina region frequently examined by 
amateurs, only a few degrees from the great nebula of Andro- 
meda, it seems remarkable that it was not discovered earlier, 
when theoretically it should have been brighter. Mr. Holmes 
says that he examined that region on Oct. 25 and observed 
nothing special. 

Mr. Berberich, of Berlin, noticed that the comet was very near 
the Bielid meteor radiant and announced that possibly this 
might be Biela’s comet, which has been lost sight of since 1852. 
As soon, however, as sufficient observations were obtained to 
permit the computation of an orbit, it was found that this comet 
was much farther away than Biela’s and was receding from in- 
stead of approaching the Earth. The orbit is found to be a short 
ellipse, the period being about 6.9 vears. The orbit is less excen- 
tric than that of any other known comet, and approaches more 
nearly to those of the asteroids. According to the elements of 
Professor Boss (Astr. Jour. No. 283), which represent the obser- 
vations up to the present time very well, the aphelion distance is 
5.12, less than that of Jupiter, and the perihelion 2.14, greater 
than the aphelion of Mars. 

In the accompanying cut are given for comparison the orbits of 
Holmes’ and Biela’s comets and those of some of the asteroids 
and the planets, Earth, Mars and Jupiter. Thule (279) has the 
largest of the known asteroid orbits, Medusa (149) the smallest, 
Aethra (132) the most excentric. Aethra has the smallest peri- 
helion distance and Andromache (175) the greatest aphelion dis- 
tance. In drawing the diagram the inclinations of the orbits 
were neglected, so that they are shown in their true proportions 
though not in their true relation. The dotted portions lie below 
the ecliptic. If all the 350 and more,asteroid orbits were to be 
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platted in the same way, the space between Thule and Medusa 
would be so filled with intersecting ellipses that very little paper 
would be visible through the ink. A glance at the diagram shows 
that the orbit of Holmes’ comet lies for the most part within the 
asteroid zone, but that it also approaches at aphelion so near to 
the orbit of Jupiter that it may be subject at times to violent per- 
turbations. Running back with the period 6.91 vears we find no 
close approach of the comet to Jupiter until the year 1861. The 
question then arises, why the comet has not been seen at some of 
the returns since that time. Its position would have been more 
favorable at each of those apparitions than at the present one. 


1$95 








Orpits oF HOLMES’ AND BieELa’s CoMETS AND SOME OF ‘THE MINOR PLANETS. 


The unusual behavior of the comet in its rapid decrease of 
brightness and expansion of volume while receding from the Sun 
has also given rise to question as to the nature of its constitu- 
tion. Its spectrum, too, distinguishes it from other comets, indi- 
cating that it shines principally by reflected sunlight. The spec- 
trum, according to Mr. Campbell of the Lick Observatory, is con- 
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tinuous with perhaps traces of the usual cometary bands in the 
green and yellow (A.anp A. Jan.1893). In view of these peculiar- 
ities Mr. Corrigan (A. aNnp A. Jan., 1893) proposes the theory that 
Holmes’ comet had its origin in a collision of two asteroids a 
short time previous to Nov. 6, 1892. On another page in this 
number of ASTRONOMY AND ASTRO-PHuysics he shows that none of 
the known asteroids can be components of the comet. 

While this article was in preparation a change occurred in the 
comet which throws Mr. Corrigan’s theory in doubt. Fora 
month back the comet has been so exceedingly faint that it has 
been very difficult to determine its position micrometricaliy, even 
with large telescopes. On the night of Jan. 12 this was still true. 
On Jan. 16, however, the writer was astonished to find the nu- 
cleus and coma almost as bright as in November. The coma 
was less than 1’ in diameter but very dense, and the nucleus was 
as bright as an eighth magnitude star. Evidently some new 
commotion has taken place in the nucleus which it would perhaps 
be stretching the limits of probability to explain as the result of 
a new collision of asteroids. The same phenomenon was observed 
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by Palisa at Vienna, and by Hough at Evanston, IIl., on the 
same night. Professor Hough observed the comet on Jan. 14 
and found it still faint, so that the change must have occurred 
between Jan. 14 and 16. 

CoMET g 1892.—Discovered on the morning of Nov. 20 by W. 
R. Brooks at Geneva, N. Y. It was rather bright and had con- 
siderable condensation, with which the coma was not quite con- 
centric. It has increased in brightness up to the present time and 
now has a tail about a degree in length. It will be visible for 
some months yet. 


THE NEGLECTED FIELD OF FUNDAMENTAL ASTRONOMY.* 
J. R. EASTMAN. 


The limits of this address would scarcely suffice simply to name 
the problems now under discussion by the more modern methods, 
without essaying even a cursory review of their importance or 
their bearing on current scientific investigation ;—and yet, from 
the true astronomical point of view, all these questions are at 
least secondary to the fundamental problems of finding the true 
position of the solar system in the stellar universe and determin- 
ing the relative positions and motions of those stars that, within 
the range of telescopic vision, compose that universe. 

To this latter phase of our science I ask your attention for a 
few minutes. These problems still lie at the foundation of the 
‘‘old” astronomy and cannot be relegated to the limbo of useless 
rubbish or to the museum of curious relics, not even to make 
room for the newborn astro-physics. On this foundation must 
rest every astronomical superstructure that hopes to stand the 
tests of time and of observation, and the precision of the future 
science depends rigorously upon the accuracy with which this 
groundwork is laid. 

This work was begun in the sixteenth century but, in spite of 
all the improvements in apparatus and in methods of analysis 
and research, a really satisfactory result has not yet been 
reached. 

There is no more fascinating phase of the evolution of human 
thought and skill in the adaptation of means to ends than is 
found in the development of the mathematical and instrumental 
means for the determination of the positions and motions of the 





* Extract from an address delivered before the American Association for the 
advancement of science at its Rochester meeting August 1892. 
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bodies included in the solar system. Accuracy in astronomical 
methods and results did not exist, even approximately, until after 
the revival of practical astronomy in Europe about the beginning 
of the sixteenth century; and, before the end of that period, the 
crude instruments of the early astronomers reached their highest 
perfection in the hands of the skilful genius of Uraniborg. 

The mvention of the telescope, the application of the pendulum 
to clocks, the invention of the micrometer, the combination of the 
telescope with the divided are of a circle, the invention of the 
transit circle by Roemer, with many improvements in minor ap- 
paratus, distinctly stamp the seventeenth century as a remark- 
able period of preparation for the achievements of the next cen- 
tury. 

From the standpoint of the modern mechanician the instru- 
ments at the Greenwich Observatory, in Bradley's time, were 
very imperfect in design and construction; and yet on the obser- 
vations obtained by his skill and perseverence, depends the whole 
structure of modern fundamental astronomy. The use of the 
quadrant reached its highest excellence under Bradley's manage- 
ment. 

The next advance, the real work with divided circles, began at 
Greenwich in 1811, under the direction of Pond. Since that 
epoch, theory and observation have held a nearly even course in 
the friendly race toward that elusive goal, perfection; and the 
end is not yet. A careful, but independent, determination of the 
relative right ascensions of the principal stars, supplemented by 
a rigorous adjustment of such positions with regard to the 
equinoctial points; and a similar determination of the relative 
zenith or polar distance of the same bodies, finally referred and 
adjusted to the equator or the pole,—seem in this brief statement 
to be, at least, simple problems. If, however, we examine the 
conditions in detail, the simplicity may not appear so evident; 
and this characteristic may prove to be one reason why this im- 
portant branch of astronomical research is now so generally neg- 
lected. 

In the first place, it must be understood that such an investiga- 
tion cannot be completed in a few months. At least two and 
preferably three years’ work in observing are necessary to secure 
good results. Skilled observers, and not more than two with 
the same instrument, are absolutely necessary. Such work can 
not be confided to students or beginners in the art of observing, 
or to observers who have acquired the habit of anticipating the 
transit of astar. The telescope and the circles, the objective and 
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the micrometer, the clock and the level must be of the best qual- 
ity, for imperfections in any of these essentials render the best re- 
sults impossible. A thoroughly good astronomical clock is the 
rarest instrument in the astronomer’s collection. It is not suffi- 
cient that a clock should have a uniform daily rate, the rate 
should be uniform for any number of minor periods during the 
twenty-four hours. The absolute personal error in observing 
transits should be determined at least twice a week, and when it 
is not well established it should be found every day. The level er- 
ror should be found every two hours and the greatest care should 
be exercised in handling this importantinstrument. The division 
marks should not be etched on the level tube unless the values of 
the divisions are frequently examined, for, sooner or later, such 
tubes become deformed on account of the broken surface and are 
then worthless. 

In the determination of zenith distances the effect of refraction 
plays such an important part that no work can rightly claim to 
be fundamental until the local refraction has been carefully inves- 
tigated and special corrections to the standard tables, if neces- 
sary, have been deduced for each observing station. The ordin- 
ary mode of observing temperatures is quite inadequate to the im- 
portance of the phenomena. These observations should be made 
as near as possible in the mass of air through which the objective 
of the telescope is moved and also ia the opening in the roof and 
the sides of the observing room where the outside air comes in 
contact with that in the building. The thermometers should all 
be mounted so that they may be whirled in that portion of the air 
where the temperature is desired, and they should be tested at 
least once a year to determine the change in the position of the 
zero of the scale. But a complete list of the things to be done, 
and of the errors to be avoided, are too voluminous for this occa- 
sion and are not necessary to show the complex character of the 
problem ;— the suggestions, already made, must suffice. 

For many years an immense number of observations of the 
larger or the so-called standard stars have been made at the prin- 
cipal observatories, for different purposes and with varying de- 
grees of accuracy, but it is not certain that the work of the last 


thirty years, with all the advantages of improved apparatus, has 
resulted in more exact determination of even the relative right 
ascensions of such stars. There can be no doubt that the chrono- 
graphic registration of star transits has given more accurate re- 
sults for the smaller stars, but I think it is equally true that, 
the case of first and second magnitude stars, at least, no Fheonsoe e- 
iment has been made in accuracy 

(TO BE cueienunes) 
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~ASTRO-PHYSICS. 


GRATINGS IN THEORY AND PRACTICE.* 
HENRY A. ROWLAND.+ 


Part I. 


It is not my object to treat the theory of diffraction in general 
but only to apply the simplest ordinary theory to gratings made 
by ruling grooves with a diamond on glass or metal. This study 
I at first made with a view of guiding me in the construction of 
the dividing engine for the manufacture of gratings, and I have 
given the present theory for years in my lectures. As the subject 
is not generally understood in all its bearings I have written it 
for publication. 

Let p be the virtual distance reduced to vacuo through which a 
ray moves. Then the effect at any point will be found by the 
summation of the quantity 


A cos b(p— Vt) + Bsin b(p—Vt ) 


2a ‘ a ‘ 
in which b = I? I being the wave-length, V is the velocity 
reduced to vacuo, and t is the time. Making 4= tan B we 


‘an write this 
yA? + B? sin [4+ b (p— Vt)]. 


The energy or intensity is proportional to (A? + B?) 
Taking the expression 


(A + iB)e~ ?P—¥8, 


when i=, —1, its real part will be the previous expression for 
the displacement. Should we use the exponential expression in- 
stead of the circular function in our summation we see that we 
can always obtain the intensity of the light by multiplying the 
final result by itself with — in place of + i, because we have 


(A + iB)e~'P—-Y" & (A — 1B)? — ¥) = Az + BF 


* Communicated by the author. 

+ 1am much indebted to Dr. Ames for looking over the proofs of this paper 
and correcting some errors. In the paper I have, in order to make it complete, 
given some results obtained previously by others, especially by Lord Rayleigh. 
The treatment is, however, new, as well as many of the results. My object was 
originally to obtain some guide to the effect of errors in gratings so that in con- 
structing my dividing engine I might prevent their appearance if possible. 
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In cases where a ray of light falls on a surface where it is 
broken up, it is not necessary to take account of the change of 
phase at the surface but only to sum up the displacement as 
given above. 

In all our problems let the grating be rather small compared 
with the distance of the screen receiving the light so that the 
displacements need not he divided into their components before 
summation. 

Let the point x’, v’,z’ be the source of light, and at the point 
x, y, zlet it be broken up and at the same time pass from a me- 
dium of index of refraction I’ to one of I. Consider the distur- 

” 


bance at a point x”, v”, z’’ in the new medium. It will be 


— ibUIf+ 'p—Vt) 


e 
where 
se hy at + et + 9 + oP — Bae” + 9" +> oe"). 
ea yo? + + oo? + — Slax’ + or + 2). 


Let the point x, y,z be near the origin of co-ordinates as com- 
pared with x’, v’,z’ or x’, v’’,z’ and let a, f#,y and a’, f’, y’ be the 
direction cosines of p and p. Then, writing 


R= Vyx? + oy? + 2? t+ yx" + yy’? + 2” 
nN — la — l’a’ 
u=I164+)'f’ 
v=Iy +1’ 


we have, for the elementary displacement, 


Pn ib[R— Vt —Ax — uy — vz + xr?) 


ig I 
where x = } = = zeae ee — 
"eles pr Mite a i ex Sy ae 


and r=x*4+y"t2. 


This equation applies to light in any direction. In the special 
case of parallel light, for which x = 0, falling on a plane grating 
with lines in the direction of z, one condition will be that this 
expression must be the same for all values of z. 

Hence vy =O. 

If N is the order of the spectrum and a the grating space we 
shall see further on that we also have the condition 


a 


27a 
bay = 22N = —- ul 


The direction of the diffracted light will then be defined by the 
equations 
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a? + f+ y?=0 
Iy+l’y’ =0 





a+ fA = = N 
Whence 
iis ] PN? 
ra’ = 3 249 i —_ 
litle” me T?a? 


Vp’ = . X—I6 


c 


l’y’ =—Iy 


In the ordinary case where the incident and diffracted rays are 
perpendicular to the lines of the grating, we can simplify the 
equations somewhat. 

Let ~ be the angle of incidence and / of diffraction as measured 
from the positive direction of X. 


AX=T’ cos y+ I cos 


Pi ‘ ; 
N=4=—Il'sing+Isin ¢ 
a 
2x ‘ ‘ 
b= j where / is the wave-length in vacuo. 


In case of the reflecting grating I = I’ and we can write 


A=I1} cos p+ cos tf} 
ee earls 
—N=e =I} sin gt sin fj 
a 
This is only a very elementary expression as the real value would 
depend on the nature of the obstacle, the angles, etc., but it will 
be sufficient for our purpose. 


The disturbance due to any grating or similar body will then 
be very nearly 


( (e—ib[R — Vt —Ax — uy — z+ x(t + +2 )] dg, 


where ds is a differential of the surface. For parallel rays, «= 0. 


PLANE GRATINGS. 


In this case the integration can often be neglected in the direc- 
tion of z and we can write for the disturbance in case of parallel 
rays, 

e—ib(R=Vt) fF fe— ibl — Ax — uy] ds, 
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CasE I.—SIMPLE PERIODIC RULING. 


Let the surface be divided up into equal parts in each of which 
one or more lines or grooves are ruled parallel to the axis of z. 

The integration over the surface will then resolve itself into an 
integration over one space and a summation with respect to the 
number of spaces. For in this case we can replace y by na + y 
where a is the width of a space and the displacement becomes 


ew ib R—V2) > et ibuan £ fet ib(Ax + LY ds 
$s 
. : .n—1 
but  »sa-1 et ibuan — e + i~,— bau ; 2 
—~* — — 


Multiplying the disturbance by itself with -- 7 in place of +i we 
have for the light intensity 


. bau \* 
as 
= i [ fem bx + “as ret Dax +Hy ds | 


. bap 
—,— 


The first term indicates spectral lines in positions given by the 
equation 


bay __ 


sin —— = 


With intensities given by the last integral. The intensity of the 
spectral lines then depends on the form of the groove as given by 
the equation x =/(¥) and upon the angles of incidence and 
diffraction. The first factor has been often discussed and it is 
only necessary to call attention to a few of its properties. 

When bau = 22N, N being any whole number, the expression 
becomes n°. On either side of this value the intensity decreases 
until nbay’ = 27N, when it becomes 0. 

The spectral line then has a width represented by pW’ — Ww” = 


ul ° . ° « ° . ° 
2 nearly; on either side of this line smaller maxima exist too 


faintly to be observed. When two spectral lines are nearer to- 
gether than half their width, they blend and form one. line. The 
defining power of the spectroscope can be expressed in terms of 
the quotient of the wave-length by the difference of wave-length 
of two lines that can just be seen as divided. The defining power 
is, then, 
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y zi 
nN* = nay 


Now na is the width of the grating. Hence, using a grating at 
a given angle, the defining power is independent of the number of 
lines to the inch and only depends on the width of the grating 
and the wave-length. According to this, the only object of rul- 
ing many lines to the inch in a grating is to separate the spectra 
so that, with a given angle, the order of spectrum shall be less. 

Practicaily the gratings with few lines to the inch are much 
better than those with many, and hence have better definition at 
a given angle than the latter except that the spectra are more 
mixed up and more difficult to see. 

It is also to be observed that the defining power increases with 
shorter wave-lengths, so that it is three times as great in the 
ultra-violet as in the red of the spectrum. This is of course the 
same with all optical instruments such as telescopes and micro- 
scopes. 

The second term which determines the strength of the spectral 
lines will, however, give us much that is new. 

First let us study the effect of the shape of the groove on the 
brightness. If N is the order of the spectrum and a the grating 
space we have 


u=I( sin y+ sin ¢) = = 
since sin — —=@ 


and the intensity of the light becomes proportional to 
sie See oe A N Pies ‘ A N 
[ { feizeGx + tas |[ { fe-i2n7x + Fy) ds | 


It is to be noted that this expression is not only a function of 
N but also of J, the wave-length. This shows that the intensity 
in general may vary throughout the spectrum according to the 
wave-length and that the sum of the light in any one spectrum is 
not always white light. 

This is a peculiarity often noticed in gratings. Thus one spec- 
trum may be almost wanting in the green, while another may 
contain an excess of this color; again there may be very little 
blue in one spectrum while very often the similar spectrum on the 
other side may have its own share and that of the other one 
also. For this reason I have found it almost impossible to pre- 
dict what the ultra red spectrum may be, for it is often weak 
even where the visible spectrum is strong. 


* An expression of Lord Rayleigh’s. 
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The integral may have almost any form although it will na- 
turally tend to be such as to make the lower orders the brightest 
when the diamond rules a single and simple groove. When it 
rules several lines or a compound groove, the higher orders may 
exceed the lower in brightness and it is mathematically possible 
to have the grooves of such a shape that, for given angles, all the 
light may be thrown into one spectrum. 

It is not uncommon, indeed very easy, to rule gratings with 
immensely bright first spectra, and I have one grating where it 
seems as if half the light were in the first spectrum on one side. 
In this case there is no reflection of any account from the grating 
held perpendicularly: indeed to see one’s face, the plate must be 
held at an angle, in which case the various features of the face 
are seen reflected almost as brightly as in a mirror but drawn 
out into spectra. In this case all the other spectra and the cen- 
tral image itself are very weak. 

In general it would be easy to prove from the equation that 
want of symmetry in the grooves produces want of symmetry in 
the spectra, a fact universally observed in all gratings and one 
which I generally utilize so that the light may be concentrated in 
a few spectra only. 


EXAMPLE I. SQUARE GROOVES. 


When the light falls nearly perpendicularly on the plate, we 
need not take the sides into account but only sum up the surface 
of the plate and the bottom of the groove. Let the depth be X 


and the width equal to = 


The intensity then becomes proportional to 
ee: See 
w sin’z sin’ 7* 
This vanishes when 
N= m, 2m, 3m, etc. 
AX 
ar = 0, 1, 2, 3, etc. 


The intensity of the central light, for which N = 0, will be 


ot Re 
~ sin'(7>X). 
This can be made to vanish for only one angle for a given 
wave-length. Therefore, the central image will be colored and 


Or, 





XUM 
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the color will change with the angle, an effect often observed in 
actual gratings. The color ought to change, also, on placing the 
grating in a liquid of different index of refraction since A con- 
tains I, the index of refraction. 

It will be instructive to take a special case, such as light 
alling perpendicularly on the plate. For this case 
N/ 


Cc 


y=—0,’\=1(1+ cos ¢') and x= sin ¢ = 


ee a ite 
Hence, 1 = I jit (Sy 


The last term in the intensity will then be 


eS eile 1 (N\V) 
sin’ | 7x15 + VP (7) ]j , 


As an example, Jet the green of the second order vanish. In 
this case, / = .00005. N=2. Leta =.0002¢.m. andI=1. 


Then, x| 20000. + \720000)— (10000) | = Mm. 


, a a 
Whence, X = 37300. 
where 7 is any whole number. Make it 1. 


Then the intensity, as far as this term is concerned, will be as 
follows: 


Minima where Intensity is 0. Maxima where Intensity is 1 
Wave-lengths. Wave-lengths. 
1st spec. -0000526 .0000268 1001000 .00003544  .00002137 
2nd * -0000500 -0000 266 -0000833 -00003463 -.00002119 
st il -0000462 .0000263 0000651 .00003333 -.00002089 
4th “ -0000416 0000259 .0000499 = .00003169 = .00002050 
Sth “ ete. ete. ete. 


The central light will contain the following wave-lengths asa 
maximum: 


.0001072 .00003575 .0000214, etc. 


Of course it would be imposs‘ble to find a diamond to rule a 
rectangular groove as above and the calculations can only be 
looked upon as a specimen of innumerable light distributions ac- 
cording to the shape of groove. 

Every change in position of the diamond gives a different light 
distribution and hundreds of changes may be made every day 
and yet the same distribution will never return, although one 
may try for years. 








136 Gratings in Theory and Practice. 


EXAMPLE 2.—TRIANGULAR GROOVE. 


Let the space a be cut into a triangular groove, the equations 





of the sides being x = —cy, and x = c’(v — a), the two cuttings 
coming together at the point v = u. Hence we have —cu = 
e’(u— a), and ds=dvyy1 + c’, or dvy1 +c”. Hence the intensity 


is proportional to 


fi+e ...,.4n(u—ci) 1+ ce" 


]*- 


. .t(a—u)iute’”) 
sin? : 


((u—er oe 1 (ut eA)? 1 


V(1+e)(1+c%) . mu(u—ed) . a(a—u)(ut e' 
= —— > sin sin 
(u—ev)(4+ eX) l ' 
} 





1 , 
cos —[(“@+ c’A)(a 


] u) — n(t—ced) | 


This expression is not symmetrical with respect to the normal 
to the grating, unless the groove is symmetrical, in which case 
a 
) : 


-_ 


c=c’ and u= 


In this case, as in the other, the colors of the spectrum are of 
variable intensity, and some of them may vanish as in the first 
example, but the distribution of intensity is in other respects 
quite different. 


CasE 2.—MULTIPLE PERIODIC RULING. 


Instead of having only one groove ruled on the plate in this 
space a, let us now suppose that a series of similar lines are ruled. 

We have, then, to obtain the displacement by the same expres- 
sion as before, that is 
bau 

2 Sf pets 

e! (An + ps ds, 

bau. 


m4 


sin n 


except that the last integral will extend over the whole number of 
lines ruled within the space a: 

In the spaces a let a number of equal grooves be ruled com- 
mencing at the points y = 0, y,, v,. Y,, ete., and extending to the 
points w, y, + w, vy, + w,etc. The surface integral will then be 
divided into portions from w to y,, from vy, + w, to y,,etc.,on the 
original surface of the plate for which x = 0, and from w to 0, 
from vy, + wto y, etc., for the grooves. 

The first series of integrals will be 
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ee : ° et 4 ihuw ibs} ibu(yi + w) ibitye ' 
ibity — 3 J v2 j 

> 2 , » —— 2 > —e 2 —_ >t 3 
f € dv= 1 | re e ete. | 
1 \ ihiuw ibuw thuy, ,  thttye ibua | 
= ane +(1—e (c “ht ef '"4 ete. J+ e ( 


iby | 
But, e?/# =1 since bua = 0 for any maximum, and thus the 


integral becomes 
thuw 

a , ) 

1 € \ ibyev i, elbtyz + ete. 


| 


: Le 
Ibu 
The second series of integrals will be 
thuyy , / 
ai 


ow. \ 
f eib(An + HY) ds, y®  s + ete: ¢ 
ia 


The total integral will then be 


: ban 
sin 7 | Anat : 
= 1 a e' yw wy ’ oe . ; . . ’ 
: + f eib( x + sy \ds [: ae elbuys I+ el bt¥.4+ ete, 

Dau ibu 7. 


sin 
As before, multiply this by the same with the sign of 7 changed 
to get the intensity. 

EXAMPLE I.—EQUAL DISTANCEs. 


The space, a, contains n’—1 equidistant grooves, so that 


es _ Pe 
Vi — Vo—V; —ete., =~ , 
se ia is n 
hau 
waa a, aes 
 s n’ —1,ibutin ~— ,ibau < 
4 e wv —€ 
_ bau 
sin on’ 


Hence the displacement becomes 


. ban 
sin 7 - . 
9 _ pibuw ww 
- 1 = + f " eib(Ax - "ds. | 
ibu ig 


bau 
2n’ 


As the last term is simply the integral over the space ina 


, 


different form from before, this is a return to the form we previ- 
ously had except that it is for a grating of nn’ lines instead of n 


lines, the grating space being —,. 
, n 
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EXAMPLE II.—Two GROOVES. 


poets buy 
ae cas B ' 
1+ e411 = 2e 2 cos . 


But bau = 2Nz. Hence this becomes 


sah! - Yi 
2e'™Na cos aN: |. 
a 


The square of the last term is a factor in the intensity. Hence 
the spectrum will vanish when we have 


yV1 eo: * 
N= = l, 3, 3, etc.” 
a Prey 
— £24 3a Oe 
or, N=, _ aa ee, 
2 V1 2 “<M” 
a : ; , 
Thus when = 2, the Ist, 3d, ete., spectra will disappear 
Vi 


making a grating of twice the number of lines to the ¢.m. 


, a . , . 
When es 4, the 2d, 6th, 10th, etc, spectra disappear. When 
Bg | 


a 


= 6, the 3d, 9th, etc., spectra disappear. 
v1 


The case in which = = 4, as Lord Rayleigh has shown, would 
l 

be very useful as the second spectrum disappears leaving the red 
of the first and the ultra violet of the third without contamina- 
tion by the second. In this case two lines are ruled and two left 
out. This would be easy to do but the advantages would hardly 
pay for the trouble owing to the following reasons: Suppose the 
machine was ruling 20,000 lines to the inch. Leaving out two 
lines and ruling two would reduce the dispersion duwn to a grat- 
ing with 5,000 lines to the inch. Again, the above theory 
assumes that the grooves do not overlap. Now I believe that 
in nearly, if not all, gratings with 20,000 lines to the inch the 
whole surface is cut away and the grooves overlap. This would 
cause the second spectrum to appear again after all our trouble. 


Let the grooves be nearly equidistant, one being slightly dis- 
; ao 
placed. In this case yi = 5 + V. 


‘ees aN aNv NM .. 
cos’? 7 —~-=[cos -—- cos — sin sin 
a z= a 2 


J ©c 


aN “y 


For the even spectra this is very nearly unity, but for the odd it 
becomes 


A thorem of Lord Rayleigh’s. 
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(ss) 
a 


Hence the grating has its principal spectra like a grating of space 
_ , but there are still the intermediate spectra due to the space a, 
and of intensities depending on the squares of the order of spec- 
trum, and the squares of the relative displacement, a law which I 
shall show applies to the effect of all errors of the ruling. 

This particular effect was brought to my attention by trying to 
use a tangent screw on the head of my dividing engine to rule a 
grating with say 28,872 lines to the inch, when a single tooth 
gave only 14,436 to the inch. However carefuliy I ground the 
tangent screw I never was able to entirely eliminate the interme- 
diate spectra due to 14,436 lines, and make a pure spectrum due 
to 28,872 lines to the inch, although I could nearly succeed. 


EXAMPLE 3.—ONE GROOVE IN m MISPLACED. 


Let the space a contain m grooves equidistant except one 
which is displaced a distance v. The displacement is now pro- 
portional to 


“ a aia a z a, : F m—1 ? 
.e° ef bitin + e Zibu m+ ete. + eb (Pm + ¥) 4 ete. + elbu a 


bua 
-. m—1 | sin 2 : - 2p—m+1 
= eam 4 a bua + ibuy etbua 2m ‘ 
sin ——. 
| 2m | 


Multiplying this by itself with —i in place of +7, and adding 
the factors in the intensity, we have the whole expression for the 
intensity. One of the terms entering the expression will be 


? bua . bau 
sin n sinn — 


2 2 . bau 2p—m+1 
aces —— SS ae 
bap . bau 2 m 
2m a 


Now the first two terms have finite values only around the 
, bau P 
points = = mNz, where mNis a whole nunber. But 2p — m 


+1 is also a whole number, and hence the last term is zero at 
these points. Hence the term vanishes and leaves the intensity, 
omitting the groove factor, 
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ocupis nae .,. bap 
sin’, sin’ n —— 
—— + (buv)?- — 

bau ( bau 

2m 2 


The first term gives the principle spectra as due to a grating 
. a tra - , . 
space of —_ and number of lines nm as if the grating were perfect. 
m 


The last term gives entirely new spectra due to the grating 
space, a, and with lines of breadth due to a grating of n lines and 
intensities equal to (buv)’. 

Hence, when the tangent screw is used on my machine for 
14,436 lines to the inch, there will still be present weak spectra 
due to the 14,436 spacing although I should rule say 400 lines to 
the mm. This I have practically observed also. 

The same law holds as before that the relative intensity in these 
subsidiary spectra varies as the square of the order of the spec- 
trum and the square of the deviation of the line, or lines from 
their true position. 

So sensitive is a dividing engine to periodic disturbances that 
all the belts driving the machine must never revolve in periods 
containing an aliquot number of lines of the grating; otherwise 
they are sure to make spectra due to their period. 

As a particular case of this section we have also to consider 


PERIODIC ERRORS OF RULING.—THEORY OF ‘‘GHOsTs.”’ 


In all dividing engines the errors are apt to be periodic due to 
“drunken” screws, eccentric heads, imperfect bearings, or other 
causes. Wecan then write 


v= n,a+tassin(e,n) + a, sin(e,n), + ete. 
The quantities e:, @2, etc., give the periods, and aj, a2, etc., the 
amplitudes of the errors. We can then divide the integral into 


two parts as before, an integral over the groove and spaces and a 
summation with respect to the numbers. 


> a a De ibuy (" lad! 
ue wf / 0 
It is possible to perform these operations exactly, but it is less 
complicated to make an approximation, and take y*— y’ = a,a 
constant as it is very nearly in all gratings. Indeed the error in- 
troduced is vanishingly small. The integral which depends on 
the shape of the groove, will then go outside the summation sign 
and we have to perform the summation 
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Ss e tbe) aon + ai sin ein + az sin exn + ete.} 


Let J,, be a Bessel’s function. Then 


cos(u sin ») = J,(u) + 2[J2(u) cos,y + J,(u) cos,p + ete. 
sin (u sin g = 2(J,(u) sin gy + J,(u) sin, + ete. 


—iu sin ¢ 2 ee ‘ 
But e ” = cos(u sin w) —isin(u sin ¢@.) 
Hence the summation becomes 


e” ibuayn 


X [J,(bea,) + 2(— iJ, (beua,) sine,n + J,(bua,) cos 2e,n—etc.) | 
>) X[J,(bua,) + 2(— J, (bua,) sine,n+ J,(bua,) cos 2e,n—etc.) ] 
X [J,(bea,) + ete. )] 

( X [ete. 


CasE I.—SINGLE PERIODIC ERROR. 
In this case only a, and a, exist. We have the formula 


° n 
: re = 
z5- 1 e— Pn = e—! Pp - 


2 


sin 


Hence the expression for the intensity becomes 








; bua, \? { ( bua, + €1) . 
sin nn, J sin 7 = 
bua — + bua,) —— 
J, € i) f bua, Ji *( ie . n PHA tT eC} 
sin —; A ae 
bue 
sin n— 
a + ete. 
aa —_ i} | 
sin 
2 YY 


As mis large, this represents various very narrow spectral lines 
whose light does not overlap and thus the different terms are in- 
dependent ofeach other. Indeed in obtaining this expression the 
products of quantities have been neglected for this reason because 
one or the other is zero at all points. These lines are all alike in 
relative distribution of light and their intensities and positions 
are given by the following table. 
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Places. Intensities. Designations. 


27N 2 . : 
p= J,2(bua,) Primary lines. 
ba, : 
¢€ . . c 
ad aa : 1.<(bu,a,) Ghosts of 1st order. 
DA, F 
2e) » x ‘ 
f= w+ ]2(buya,) Ghosts of 2d order. 
b a, a ' 
a 3eé) 2 . pe 
MMS ],7( be, a,) Ghosts of 3d order. 
y DA, sin ; 
etc. Cue. etc. 


Hence the light which would have gone into the primary line 
now goes to making the ghosts, so that the total light in the line 
and its ghosts is the same as in the original without ghosts. 

The relative intensities of the ghosts as compared with the 
primary line is . 

Jn?(buai) 
J,? (bean) 





This for very weak ghosts of the first, second, third, etc., order, 


becomes 
a 2 1 al 4 1 al 6 
aN ) ; (aN! ), —(7N*), etc. 
a, 2 ayo ay 

The intensity of the ghosts of the first order varies as the 
square of the order of the spectrum and as the square of the rela- 
tive displacement as compared with the grating space a,._ This is 
the same law as we before found for other errors of ruling, and it 
is easy to prove that it is general. Hence 


The effect of small errors of ruling is to produce diffused light 
around the spectral lines. This diffused light is subtracted from 
the light of the primary line, and its comparative amount varies 
as the square of the relative error of ruling and the square of the 
order of the spectrum. 


Thus the effect of the periodic error is to diminish the intensity 
of the ordinary spectral lines (primary lines) from the intensity 1 
to J,*(buai), and surround it with a symmetrical system of lines 
called ghosts, whose intensities are given above. 

When the ghosts are very near the primary line, as they nearly 
always are in ordinary gratings ruled on a dividing engine with 
a large number of teeth in the head of the screw, we shall have 

2 C1 2 bl — 9T2 
Jiba,( +. ) + Jj, ba(u— j ) = 2J,*ba,u nearly. 


ba DA, 


v 
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Hence the total light is by a known theorem, 
JZ + 2{J,* + JZ + ete. = 1. 

Thus, in all gratings, the intensity of the ghosts as well as the 
diffused light increases rapidly with the order of the spectrum. 
This is often marked in gratings showing too much crystalline 
structure. For the ruling brings out the structure and causes lo- 
cal difference of ruling which is equivalent to error of ruling as far 
as diffused light is concerned. 

For these reasons it is best to get defining power by using 
broad gratings and a low order of spectra although the increased 
perfection of the smaller gratings makes up for this effect in some 
respects. 

There is seldom advantage in making both the angle of inci- 
dence and diffraction more than 45°, but, if the angle of incidence 
is O, the other angle may be 60°, or even 70°, as in concave grat- 
ings. Both theory and practice agree in these statements. 

Ghosts are particularly objectionable in photographic plates, 
especially when they are exposed very long. In this case ghosts 
may be brought out which would be scarcely visible to the eve. 

As a special case, take the following numerical results: 


N = 1 2 3 

a _1 1 1 . gs 4 a 

a, ~ 25’ 50°’ 100 25'50' 100 25’ Sv’ 100 
( a) I 1 1 * os 1 kW 1 
aN — ae" - ’ >) prey? - _? ’ 7 

a, 63’ 252’1008 16’ 63’ 252 7’ 28’ 102 


In a grating with 20,000 lines to the inch, using the third spec- 


P ay 1 
trum, we may suppose that the ghosts corresponding to — =o 
_ é v 
P «% ° a 1 ~ 
will be visible and those tor = ,- very troublesome. The first 
al, <0 a 
error 1S &1 = ,yotooy in. and the second a; = -,,),)) in. Hencea 


periodic displacement of one millionth of an inch will produce 
visible ghosts and one five hundred thousandth of an inch will 
produce ghosts which are seen in the second spectrum and are 
troublesome in the third. With very bright spectra these might 
even be seen in the first spectrum. Indeed an over exposed pho- 
tographic plate would readily bring them out. 

When the error is very great, the primary line may be very 
faint or disappear altogether, the ghosts to the number of 
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twenty or fifty or more being often more prominent than the 
original line. Thus, when 

a eae eo +a 

bua, = 2.405, 5.52, 8.65 ete. = 27N‘ 


the primary line disappears. When 


299 7 7A 
bua, = 0, 3.83, 7.02 etc. = 2aN—, 
a 


the ghosts of the first order will disappear. Indeed we can make 
any ghost disappear by the proper amount of error. 
Of course, in general 


_ 2(n—1) 
Jn = V Ja~1t ~Ja—s 


Thus a table of ghosts can be formed readily and we may al- 
ways tell when the calculation is complete by taking the sum of 
the light and finding unity. 


yA) 9 9 9 9 9 2 2 » 2 » ) 5) » 2 ) 
27N a Oy tb i; ‘2 iy i Js 5; 7. tA ; Fa vu 7 tm 
oO. Ga sihk. vis tage ea en a ee? le a tee ly 
2 980 .0f0 = — — =| = = = = = = = = = 
-4 -922 .038 — _ — < = = as ee cea om = = af 
-6 3632 @82002  — Sasa Se ci SUD 
8 706 236005 = = = = = = S&S S| BH SF = = 
-0 6686 .104 012 — — = =| = =| = = = = =| = 
o <050 .333 .124 .017 .00Of — — = =| = = =| = | = 
605 -000 .269 .186 .040 .003  — — — = ine = = _ as _ 
.068 .115 .236 .095 .o17 .002 — -—- — —- —- = = — = 

$32 -162 .000 .162 .176 .065 .013 .0o2 — — — - ee 
-158 .004 .133 .185 .079 .o18 .002 — — —- =- -—- =—- — = 

-031 .107 .002 .133 .153 .068 .017 .003 — - -—- — — = ie 


oO 

oO 

520 -000 .116 ete. 
re) 

cs) 


Vn & WW NN 


.022 .077 .059 .013 .128 .131 .061 .0O17 .003 — — — — — = 
16 -09O .000 .090 etc. 

-029 .055 .O13 .085 .O11 .035 .114 .103 .050 .016 .003 .ooOf — — — 
-054 -000 .075 etc. 
.060 .002 .065 .003 .048 .055 .002 .047 .IOI .OQI .051 .022 .OIIT .0Cg .022 


mor & 


- 
Oo 


This table shows how the primary line weakens and the ghosts 
strengthen as the periodic error increases, becoming 0 at 


, 
,a — 
22N = 2.405. It then strengthens and weakens periodically, 
a 


the greatest strength being transferred to one of the ghosts of 


higher and higher order as the error increases. 

Thus one may obtain an estimate of the error from the appear- 
ance of the ghost. 

Some of these wonderful effects with 20 to 50 ghosts stronger 
than the primary line I have actually observed in a grating ruled 
on one of my machines before the hearing end of the screw had 
been smoothed. The effect was very similar to these calculated 
results. 
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DoUBLE PERIODIC ERROR. 


Supposing as before that there is no overlapping of the lines, 
we have the following: 











Places. Intensities. 
2aN “ | e . 
so = ke [J.o.a") Ji(ba.) | Primary line. 
e 2 
mm =ek rts [ Iba) Juba) | | 
’ ; | Ghosts of 1st order. 
‘* 2 
a = i [ J. (bay » Jil ba, ty) | J 
e+ ¢, 2 
fp=pat ;= 3 [Iba Ji(bas) | 
“te 2e, a x ra 
n, = pk J.(bayy,) J,(ba,y,) Ghosts of 2d order. 
2e, , 2 
a= eh a [ J.baw) J.( ba, | 
i = 2 > 2 
=n = i a [ J. (bay) J,(ba,», | . 
9eo + 2 
2 ihe ha 3 [ J. (bays,) Jr(bays | 
‘ ; , | Ghosts of 3d order. 
ph i=pae ee [ 3. (ba,,) J,(ba,», |" 
3e, ? 
4=s2= = [iibe, (ba,»,) J,(ba,: | 
etc. ' 


Each term in this table of ghosts simply expresses the fact that 
each periodic error produces the same ghosts in the same place as 
if it were the only error, while others are added which are the 
ghosts of ghosts. The intensities, however, are modified in the 
presence of these others. 

Writing c, = ba,» and c, = bay, 

The total light is 


, 2 2 { 2],7(¢,) J7(c )) 
J3(e) le) +f, Ste) We)! + )+-4Ir(er) Tele.) ¢ + ete 
LF 2M) IMIS 427 2(e,) Te) 


which we can prove to be equal to 1. 
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Hence the sum of all the light is still unity, a general proposi- 
tion which applies to any number of errors. 

The positions of the lines when there is any number of periodic 
errors can always be found by calculating first the ghosts due to 
ach error separately; then the ghosts due to these primary 
ghosts for it as if it were the primary line, and so on ad infinitum. 

In case the ghosts fall on top of each other the expression for 
the intensity fails. Thus when e, = 2¢e,, e, = 3e,, ete., the formula 
will need modification. The positions are in this case only those 
due to a single periodic error, but the intensities are very different. 

Places. 


9; N 
n= cin [J,(bay) J,(bayr) 2 
ae My e€, [ J,(ba,,) J, (ba, - — J,(bay,) J,(ba,,) + ete. }? 
oe ba, + [J,(ba,,) J,(ba,n,) — J, (bay) J(,ba,»,) + ete.}? 
etc. etc. 


We have hitherto considered cases in which the error could not 
be corrected by any change of focus in the objective. It is to be 
noted, however, that for any given angle and focus, every error of 
ruling can be neutralized by a proper error of the surface, and 
that all the results we have hitherto obtained for errors of ruling 
can be produced by errors of surface, and many of them by errors 
in size of groove cut by the diamond. Thus ghosts are produced 
not only by periodic errors of ruling but by periodic waves in the 
surface, or even by a periodic variation in the depth of ruling. In 
general, however, a given solution will apply only to one angle 
and, consequently, the several results will not be identical; 
some cases, however, they are perfectly so. 

Let us now take up some cases in which change of focus can oc- 
cur. The term xr in the original formula must now be retained. 

Let the lines of the grating be parallel to each other. We can 
then neglect the terms in z and can write f° = y’ very nearly. 
Hence the general expression becomes 


> ib( Ax + uy — Hy" 
le : : ds, 


where « depends on the focal length. This is supposed to be very 
large, and hence x is small. 

This integral can be divided into two parts, an integral over the 
groove and the intervening space, and a summation for all 
the grooves. The first integral will slightly vary with change in 
the distance of the grooves apart, but this effect is vanishingly 
small compared with the effect on the summation, and can thus 


be neglected. The displacement is thus proportional to 
Sel ity -— Hy") 
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CasE 1.—LINES AT VARIABLE DISTANCES. 
In this case we can write in general 
vy=an+an-+a,n' + ete. 


As %, a, a,, ete., are small, we have for the displacement, neg- 
lecting the products of small quantities, 


sibl u(an-+ a,n* + ajn* + etc.) — xa*n"] 


Hence the term a,n* can be neutralized by a change of forms ex- 
pressed by va, = xa’. Thus a grating having such an error will 
have a different focus according to the angle n, and the change 
will be + on one side and — on the other. 

This error often appears in gratings and, in fact, few are with- 
out it. 

A similar error is produced by the plate being concave, but it 
can be distinguished from the above error by its having the focus 
at the same angle on the two sides the same instead of different. 

According to this error, a,n’, the spaces between the lines from 
one side to the other of the grating, increase uniformly in the 
same-manner as the lines in the B group of the solar spectrum 
are distributed. Fortunately it is the easiest error to make in 
ruling, and produces the least damage. 

The expression to be summed can be put in the form 
selhanry + ib( ua, — xa*) mn? + thua,n’ + tbl wa,+ ib( ua, at na’)? |n* 

+ etc.] 

The summation of the different terms can be obtained as shown 
below, but, in general, the best result is usually sought by chang- 
ing the focus. This amounts to the same as varying * until “a; 
— xa* = 0 as before. For the summation we can obtain the fol- 
lowing formula from the one already given. Thus 
sn 1, 2ipn 


_— 


__ sin np P| n—1) 


. sin p 
Hence 
7" FF? -~ 1 ii d lien 1)" sim np 
(21)™ dp sin p 
WI — ee ee eae er 
1en 11s very large, writing 59 —pn=7Nn + q, we have 


:n—1 2ipn__n™~*' iqgf/d , \™ sing 
Re ie 2 i) 
si (21)™ dq q 
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Whence writing 


c = b(ua,— xa’) 

ce = bm, 

ec” = b[va, + 1b(na, — xa*)?] 
ihAd 

c” = etc. 


the summation is 


3 4 > 
© ee, a, n 
n+ i( 4 +c’ +c” +) 


8 16 
9 n a * ve n 5 
+ (2 cf + 82 a et = 
J 


° n° ‘ - n j 

eid — i(c 4 + 3c’ 8 m4 6c 16 +i sin q 
q 

-('3 t bad 16 3 thie 


a d' 
+ i(c 16 poe 








+ ete. 
d sing _ qcosq—sing 
dq q rs q 
B. sing _ —2qcos q+(2—q’)sin q 
dq gq ia q 
d sing _ q(6—@q)cos q—(6—3q)sin q 
dq q _ q' 
cic. etc. 


These equations serve to calculate the distribution of light in- 
tensity in a grating with any error of line distribution suitable to 
this method of expansion and at any focallength. For this pur- 
pose the above summation must be multiplied by itself with + 7 
in place of — 1. 

The result is for the light intensity 





sing , n° n' ; d sinc 
)n-~4 ge (2c -+ 2c— + etc.) ! 
( q + 8 dq gq 
, nr ar d sing , ) = 
— (c + 4¢e°— + ete. ) 1 + etc. ;¢ 
8 16 dq 4q \ 
es: ee d* sinc 
+ ) (c + 3c — -+ etc. ) 5 u 
( 4 8 dq 4q 
gp d* sing )? 
—{c , +ete,); ~; 14+ ete, | 
16 dq’ q \ 
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As might have been anticipated, the effect of the additional 
terms is to broaden out the line and convert it into a rather com- 
plicated group of lines; as can sometimes be observed with a bad 
grating. At any given angle the same effect can be produced by 
variation of the plate from a perfect plane. Likewise the effect of 
errors in the ruling may be neutralized for a given angle by errors 
of the ruled surface, as noted in the earlier portions of the paper. 


OBSERVATIONS OF NOVA AURIGZE FROM NOV. 9, TO DEC. 14, 1892.* 


W. W. CAMPBELL. 


The following observations of the chief nebular line in Nova 
Aurige’s spectrum are additional to those already published: 


1892. Grating. d Velocity. 
Nov. 9. .. 1st order 5004.32 ‘ . 
y Merateaisdccnig s ; 3 32 — 98 ie 
oe Mie ae 2Qdorder. 5004.54 miles 
WG inscaietiseackeans 1st order. 5004.86 ns iiiaaii 
WGexccctcasiaseieces 2d order. 5004.94 . pes 
en): LP re ee 1st order. 5005.07 - 9h wales 
Be Bs acacdeucsncat ons 2d order. 5004.72 ‘ - 
OTe caassassdesnacte 1st order. 5004.89 — 80 miles 
OY <SBbdcaivovasdeoasate 2d order. 5004.49 — 95 miles. 
1st order. 5004.18 — 107 miles. 
1st order. 5004.02 , 
= — 109 . 
2d order. 5004.22 1 mile 





The observations marked with an asterisk (*) were made by 
S. D. Townley, those in December having been secured in my ab- 
sence from the Observatory. It will be noticed that his measure 
of Nov. 17 agrees exactly with the mean of the two made by me. 

On November 7 I observed the line with our fourth order grat- 
ing of 14,438 lines to the inch. The line was seen to be eight or 
nine tenth-meters broad, sloping equally and gradually in both 
directions. There was not the slightest trace of doubling. 
Though the dispersion in the fourth order is very nearly three 
times as great as in the second order, the measures of wave- 
length can be made more accurately with the latter on account of 
the greater brightness of the line. 

GRAND Rapips, Michigan, Dec. 22, 1892. 


a 
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THE POTSDAM SPECTROGRAPH.* 


EDWIN B. FROST. 


The instrument was constructed for the express purpose of 
determining photographically the velocity of stellar motions in 
the line of sight. Incidentally it fulfils all the functions of a com- 
pound star spectroscope adapted for photography. 

Preliminary experiments made by Professor Vogel and Dr. 
Scheiner in 1887 with a merely provisional apparatus demon- 
strated the entire feasibility of the method, and the spectrograph 
in its perfected form was applied to the work for which it was 
devised in September, 1888. 

The results of this investigation, which was necessarily brought 
to aclose in May, 1891, by the limitation of the light power of 
the refractor, are given in detail in Band VII, Theil I, of the Pub- 
licationen des astrophysikalischen Observatoriums zu Potsdam 
(Engelmann, Leipzig, 1892) .+ 

We are here chiefly concerned with an explanation of the instru- 
ment itself, and shall, for the most part, follow the description 
given by Professor Vogel in that volume, from which the cuts are 
taken. 

In designing the spectrograph the following essential condi- 
tions were laid down: (1) great stability, to secure against flex- 
ure of the individual parts, which would be fatal to measurements 
of displacements; (2) the least possible weight, to prevent flex- 
ure of the equatorial; (3) the best adaptation of the dimensions 
of the optical parts, in order to retain a maximum of light power 
with the highest available dispersion; (4) an accurate adjust- 
ment of the photographic plate in the focal plane of the camera 
lens, and (5) a reliable means of retaining the image of the star 
upon the slit. 

The first of these conditions was met by the use of steel in most 
of the parts, yet the weight of the complete instrument is but 
12 kg ( = 26 lbs.). . 

The nose-piece of the 12-inch refractor having been removed 
there is substituted for it a stout connecting frame of three iron 
rods, the ends of which are provided with screw threads; to these 
the flat steel base-plate, AA, of the spectrograph (see the small 
figure) is attached, being retained in position by nust on each 

* Communicated by the author. 


+ Shorter articles will be found in Munthly Notices, December, 1891, and 
Tune, 1892, the first of which was reprinted in this journal in March, 1892. 
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side, so that it may be adjusted to be perpendicular to the optical 
axis of the refractor. 

The holes in the base-plate are oval, so as to allow a slight ro- 
tation of the whole apparatus and thus permit the slit to be set 
precisely parallel to the equator. Six steel braces, T shaped in 
section, are riveted to the base-plate and unite in a stiff ring BB 
of cast brass. 

Plates of 
sheet steel a 
and a' add sta- 
bility, and sup- 
port cylindrical 
collars through 
which the brass 
collimator- 
tube may be 
moved in the 
direction of its 
axis by a rat- 
chet and_ pin- 
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access to th collimating lens, shields it from extraneous light. 
C is as: box, impervious to light, containing the prisms. 
It is rigidi, connected with the ring B. The prisms are held be- 
tween brass plates which are screwed to the box after they 
have been adjusted to the minimum of deviation for Hy. Rigidly 
attached to the other end of the box is a brass tube d, in which 
the camera lens may be moved by a fine screw with divided 
head through a range of about 10 mm. The camera, D, of thin 
sheet steel, is attached to a flange at the end of the tube d, by 
screws which permit the camera to be adjusted to the axis of its 
objective. The outer end of the camera is rigidly joined to the 
base plate AA by two steel trusses. Thus the whole instrument 
is as a single piece, and when the “permanent” adjustments have 
been made (experience showed that they needed to be controlled 
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only at long intervals of time), the only movable parts are the 
camera lens, the collimator asa whole, and the slit, the amount 
of all tzese motions being accurately measurable. 

The blackened brass plate holders, of which six are provided, 
fit snugly in a frame at the end of the camera, and are of fine 
workmanship. The camera is adjusted so that the Hy line falls 
at the middle of photographic plate, which is 80 X 15 mm in size. 

An eye-piece may be attached behind the plate-holder for test- 
ing the adjustment of the spectrum on the plate, and a small re- 
flecting prism makes it also possible to view a portion of the 
green rays through another eye-piece during the exposure. 

F is a small telescope, focused for parallel rays, through which 
the slit (illuminated by the hydrogen light from the Geissler tube) 
and the star lying in it may be observed, the rays which are re- 
flected from the first surface of the first prism being thus utilized. 
The small aperture in the prism-box necessary for the purpose is 
closed by a sliding cover when not in use. so as to exclude dust 
from the prisms. The slitis of simpledesign; but one of its jaw 
is movable, by a micrometer screw. 

A metal diaphragm may be rotated before the slit. In it are 
cut several apertures—rectangles of from 2 to 10mm length, other 
rectangles with a strip left across the middle, and one small cir- 
cle. Thus the length of the slit may be varied,—which is very 
convenient, as it would be often tedious to bring the star to fall 
upon a slit only 2 mm long. When the desired aperture has been 
brought before the slit, it is held in its proper place by a spring 
catch. The objectives of the collimator cad camera are corrected 
for the photographic rays and are made as thin as possible to 
diminish the absorption; their focal length is 408 mm and their 
aperture is 34 mm. 

The preliminary experiments showed that two Rutherfurd com- 
pound prisms were best adapted to the purpose of this spectro- 
graph, the use of a grating being impossible from the loss of 
light involved. They are of Jena glass, the angles of the flint 
pris'n being 94° 32’, of the crown prisms 18° 30’; the deviation 
of Hy for a single prism is 66° 28’, and the dispersion from F to 
H about 4° 40’; hence the length of that portion of the spectrum 
on the negative is 64mm. 1 #7 = 0.72 mm at Hy 

The mechanical parts of the apparatus were constructed by 
Tépfer of Potsdam, the optical parts by Steinheil of Munich. 

The slit is set parallel to the equator and the linear spectrum 
projected upon the plate is broadened thus: the driving clock is 
allowed to run a little fast and the star is at uniform intervals 
brought back to its first position by the slow motion in R. A. 
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The careful attention of the observer is required during the ex- 
posure. Owing to changes of refraction ete., the declination 
slow-motion also needs to be occasionally turned. By turning 
either slow motion in the wrong direction, the star might be lost 
from the slit and the plate perhaps be spoiled. 

Still it is in practice not necessary that the observer view star 
and slit continuously through the telescope F; if the driving clock 
is in good order, he will need to look in only at intervals of two 
or three minutes to see if adjustment in either co-ordinate is re- 
quired. 

A breadth of spectrum of about 0.3 mm was found most suit- 
able for subsequent measurement under the microscope microm- 
eter. 

A cylindric lens was wholly dispensed with,—not being em- 
ployed either in photographing, measuring, or enlarging the spec- 
tra. 

The arrangement for producing comparison spectra is of great 
importance in an instrument designed for obtaining displace- 
ments of the spectral lines. 

Very thin Geissier tubes containing hydrogen were used in 
nearly all cases 

The tube is placed in the cone of rays from the object-glass, at 
right-angles both to the optical axis and to the slit, at a distance 
ot 40 em from the latter. The light falling upon the slit may 
be therefore considered as diffused and the slit as a source; hence 
the ravs of Hy will emerge parallel {from-the collimator. 

It is very important that the slit should be fully and uniformly 
illuminated by the tube. 

This is readily secured by this plan, and the loss of star-light 
due to the intervention of the tube amounts to but 17 per cent. 
Even if the tuhe should lack several degrees of being at right- 
angles to the slit, the latter will be still fully illuminated, so that 
a very careful adjustment in this respect is not necessary. 

In the method employed by some observers of reflecting the 
comparison light in at the side, the tube being set parallel to the 
slit, there is great danger that the comparison rays will not be 
precisely symmetrical with the axis of the collimator, and a 
slight error in this respect may result in a spurious displacement 
greater than the actual effect of the motion of the star in the line 
of sight. 

It may not be without interest to describe the mode of making 
the adjustments which I have for convenience called ‘* perma- 
nent." 
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The adjustment of the collimator so that it shall lie in the op- 
tical axis of the refractor is effected by placing over the collima- 
tor-objective a collar carrying a disk of ground glass upon which 
concentric circles have been etched. 

The object-glass of the telescope, having been stopped down to 
a small aperture, is directed towards the center of the Sun’s disk. 
The diaphragm in front of the slit is turned so that the circular 
aperture (about 1 mm in diameter) falls at the center of the 
slit. A bright circular spot will then be formed on the ground 
glass, and the adjusting screws may be turned until it is concen- 
tric with the circle most nearly of its own diameter. 

This adjustment, which could be so readily controlled, was 
found to require alteration but once during a period of three 
years. 

The slit was adjusted in the focal plane of the collimating lens 
by viewing bright stars through a powerful eve-piece containing 
blue glass, and then moving the slit and eve-piece back and forth 
until the edges of the slit and the star images were equally sharp. 

This adjustment having been once accomplished at a medium 
temperature, the slit was rigidly and permanently fastened to 
the collimator tube, subsequent variations of temperature being 
compensated for by the adjustment of the camera-objective. 

The slit is set parallel with the equator by allowing a star to 
run along its edge, while the observer views it through the tele- 
scope F, the Geissler tube having been set in action to illuminate 
it. The width of the slit was generally kept constant at 0.02 
mm during the investigations made with this instrument. It 
should be mentioned that during the progress of the spectro- 
graphic researches at Potsdam, the spectrograph was only 
rarely removed from the equatorial. 

The adjustments which are necessary for each observation are 
required by the changes of temperature, which affect chiefly the 
optical parts of the instrument, the consequences of the expan- 
sion of the brass or steel portions being relatively slight. The 
adjustment of the slit in the focal plane for Hy of the object- 
glass of the refractor is an important one. A series of photo- 
graphs of the spectrum of a bright star is made (with driving 
clock running correctly, so that the breadth is as small as possi- 
ble) at different settings of the collimator, and that setting is 
adopted at which the ‘“*node’’* of the spectrum falls at the Hy 





* Professor Keeler has aptly described the appearance of such a linear spec- 
trum, obtained with a refractor corrected for the visual rays, as that of a vi- 


brating rod (or string), with its (two) nodes and loops. 
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line. This process is repeated at various temperatures so that 
finally a table is made giving the proper setting of the collima- 
tor for the argument temperature. 

It is desirable that this temperature should be read not only 
at the spectrograph but also near the object-glass of the re- 
fractor. 

The adjustment of the photographic film in the focal plane of 
the camera-objective is effected, as already stated, solely by mov- 
ing the lens itself. A series of photographs of the solar spectrum 
at slightly. different settings will show what setting is the proper 
one at the given temperature, and here too a table is constructed 
giving the proper reading of the head of the screw for various 
temperatures. Neglect of these two adjustments will result in 
indistinctness of the spectra, and indeed sometimes in a spurious 
doubling of the lines. 

The effect of different temperatures upon the resulting spectra 
is somewhat complicated, and mention should perhaps be made 
of the method of compensating for it in the subsequent micromet- 
ric measurement of the negatives. The change in the size of the 
image on the plate, due to the altered focal length of the camera 
objective, will be eniformly distributed over the whole image. 
Not so, however, the effect of the altered dispersion of the prisms; 
hence the combined result is that two spectra even of the same 
object taken at considerably different temperatures are neither 
identical nor geometrically similar. The best procedure is to re- 
duce all the measurements to one single position of the camera 
lens for a standard temperature at which a good negative of the 
solar spectrum has been obtained. A curve or table for trans- 
forming the micrometer distances into wave-lengths is made 
trom measures of a selected series of standard lines on the solar 
negative. The solar negative is then laid, film down, upon 
that of the star so that the lines of one spectrum shall form 
approximately the continuation of those of the others, thus furn- 
ishing a means of identifying those of the standard lines which 
are present in the star. All the lines of the stellar negative, or of 
a portion of it, are then carefully measured, the standard ones 
being specially designated. The reduction to the standard solar 
negative is now obtained for different portions of the spectrum, 
say for the two ends and the middle, by comparing the measured 
distances between identical lines in the stellar and solar spectra. 
If the standard lines were selected sufficiently close together, this 
correction will be so small that it may be without further reduc- 
tion simply added to the tabular quantities which serve in inter- 
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polating the wave-lengths of the unknown lines lying between 
the standard ones. If the star belongs to a spectral type in 
which very few lines can be identified with standard lines of the 
solar negatives, the reduction is more difficult, and where greater 
accuracy is required a comparison spectrum of iron or cadmium 
should be photographed with the star. 

When brilliant spark spectra are employed a small portion of 
the middle of the slit should be covered (by using the proper 
aperture in the diaphragm) during the short interval necessary 
to secure the impression of the comparison spectrum in order 
that the artificial lines may not hide the finer lines of the star. 

According to the experience at Potsdam it is not desirable to 
prolong the expssure for spectra which are to be used for meas- 
ures of displacement much over an hour or an hour and a half. 
In longer exposures elements of uncertainty will be introduced 
due to changes of temperature, of refraction, and of the instru- 
ment’s position (however stable it may be). 

An exposure of one hour was generaily employed, and the faint- 
est star included in the catalogue of motions of 51 stars in the 
line of sight is of magnitude 2.5. 

Another spectrograph, similar to the one above described, has 
been more recently added to the equipment at Potsdam. It has 
but one prism and the dispersion is something like one-third of 
that of the other. This permits fainter objects to be observed 
(the writer has secured with it spectra of stars of the fifth mag- 
nitude), but on the other hand it makes the linear displacement 
correspondingly less so that the accuracy of measurements of 
velocities is necessarily much diminished. 

A spectrograph very similar to the one first described has been 
constructed by Tépfer for the Pulkowa Observatory, where it is 
applied to the great refractor, and in the able hands of M. Bel- 
opolsky it may be expected to be of efficient service. 

DARTMOUTH COLLEGE, 

Hanover, N. H., Dec. 22, 1892. 


ON THE USE OF THE CONCAVE GRATING FOR THE STUDY OF 
STELLAR SPECTRA.* 


HENRY CREW, 


During the summer of 1892 I had the opportunity of using a 
deep concave grating with the 12-inch and 36-inch refractors of 
the Lick Observatory. While handicapped in some directions this 


* Communicated by the author. 
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combination of grating and large refractor offers such manifest 
advantages in others, that I here give some of my meager exper- 
ience with it in the hope that some one who has such a grating 
may find in the method all that it apparently promises. 

The grating* employed had a radius of 22 inches and was ruled 
with 2886 lines to the inch. 

The mounting was a wooden one designed and made on the 
spot, the same in principle as that of Professor Rowland, except 
that for the carriages which take the grating and eye-piece re- 
spectively, were substituted slides, which could be fixed at any 
point of the ‘‘beam”’ with screw clamps. The wooden frame of 
the instrument was covered with black cloth, and the whole, thus 
constituting a camera, was mounted, upon two heavy rods, on 
the eye end of the equatorial, in such a manner that it could slide 
up and down along the optical axis of the telescope. 

A neat plate holder which Mr. Burnham made from a cigar box 
and the lid of a blacking box completed the outfit. 

The adjustments were as follows: 

(1.) Collimation was obtained by making the image of the ob- 
ject glass central on the ruled space of the grating. 

(2.) Center of curvature, parallelism of slit and rulings, and 
the other grating adjustments made as usual with sunlight. 

(3.) The slit inthe photograph was placed inthe photographic 
focus of the refractor by the following method which was sug- 
gested to me by Mr. Barnard: a very small plate-holder was 
made to fit easily over the slit plate. This holder carried a nar- 
row strip of a ‘‘ Seed 26"" plate. 

In various positions of the spectroscope along the optical axis 
the plate was exposed to a suitable star (f# Cygni is an excellent 
one) for a second at a time, the photographic plate being slightly 
displaced across the slit between each exposure. 

By an examination of the series of photographs thus obtained 
one can pick out the focus of maximum sensibility. 

The instrument being adjusted the most difficult part remained, 
viz., to follow the star accurately. For this purpose I found the 
following method convenient. 

One side of the camera was hinged so that it would open and 
shut after the manner of a bellows. 

A hole, cut in this swinging part, enabled one to observe 
through it (whatever order of spectrum might be used), the direct 
reflection from the slit. 

But when the slit is in the so-called actinic focus, it is at some 


* Mr. Brashear very kindly presented this grating to the Lick Obsesvatory. 
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distance from the apex of any cone of visible rays. This apex is, 
of course, the visual focus. The slit is, therefore, covered by a 
portion of the concave wave-surface of the visual rays and we 
have all the conditions necessary for diffraction through a 
single opening. The diffraction bands thus produced are reflected 
from the surface tf the grating and are easily seen by the naked 
eve. 

Not only so but they are very sensitive to any motion of the 
star across the slit-plate. One sees immediately whether the star 
is moving up and down the slit or across it. At the same time, 
one detects the sense of the displacement and corrects it with the 
slow motions. 

The breadth of the central bright band, or the distance be- 
tween its next door neighbors, serves to determine the width of 
the slit. 

The ruled rectangle on the grating makes a neat background 
on which a small amount of asymmetry in the distribution of 
diffraction bands is made evident. 

With this arrangement and this mode of following, a number 
of very fair photographs were obtained. 

For instance, two or three of a Cygni and one of Arcturus 
showing twenty or more lines between w. /. 4100 and w. /. 4609. 

With stars of the First Type, and third order of the grating, 
one gets uniformly the hydrogen lines F, Hy, h and H all on one 
plate, but the extremities are not in good focus. 

The image of the spectrum hand on the negative has about the 
same shape as a longitudinal section of a marlin spike, owing to 
the steepness of the color curve. 

I was disappointed in not reducing the time of exposure to less 
than forty minutes, even with the thirty-Six-inch glass. ‘Seed 
26" plates were used. 

This may have been due to bad focus at the slit, possibly to 
temperature changes in the tube. No adjustment was considered 
satisfactory that did not show at least 5 lines between H and Kk 
in the solar spectrum. The separation of H and K in the fourth 
order was ;), of an inch. 

At any rate, I never succeeded in getting any proportionality 
between the intensity of the negative and the time of exposure. 

All told, I had but a few nights at my disposal and never found 
the source of the trouble. 

Among the valuable features of the concave grating for this 
purpose is its astigmatism. These spectra measure from ,;!,; to +', 
of an inch in width, so that one can never mistake an ordinary 
defect in the negative for a line. 
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Another advantage is that these spectra are normal, being su- 
perior in this respect to both prism and plane grating. This fact 
may prove useful in the identification of lines in the ultra-violet. 

Thirdly, the amount of light lost by reflection and absorption 
in the lenses of the ordinary spectrometer may be a very uncer- 
tain and variable quantity. But whatever it be, it is certainly 
all saved in the use of the concave grating. 

On the other hand, one labors under the great disadvantage 
incident to all gratings of not being able to use but a small frac- 
tion of the light which actually passes through the slit. 

The method is, therefore, for the present at least, limited to the 
brighter stars, except possibly some of the Wolf-Rayet type 
which, while faint to the eye, may have their light so concen- 
trated in various parts of the spectrum as to be quite within the 
reach of the grating. It is almost needless to add that such a 
grating deserves a good mounting in metal and should be used on 
a refractor corrected for the photographic rays, or better still, on 
a reflector. 

Indeed, it appears that that the astronomical world is only 
just beginning to realize its indebtedness to Rowland for this in- 
strument at once so beautiful and powerful. 

NORTHWESTERN UNIVERSITY, 

Evanston, Ill., Jan. 7, 1893. 


THE HYDROGEN LINE Hyg IN THE SPECTRUM OF NOVA AURIG 
AND IN THE SPECTRUM OF VACUUM TUBES. * 


VICTOR SCHUMANN. 


The Hydrogen line Hg, as is well known, appears double in the 
spectrum of Nova Aurige, and, at times, these components are 
divided into still others. The cause of this division of Hg is at 
present a mystery. The hypothesis that in the spectrum of the 
Nova one has to deal with the light of a double star appears in- 
sufficient to explain all the variations which Hg, in this case, has 
shown. It is clear, however, from the paper of Dr. and Mrs. 
Huggins, that if one makes this supposition the basis of all 
his reasoning, he will have to assume, for the explanation of the 
case where Hg is not one dark line but three, (observation of 
Miss Maury, of Cambridge, U. S. A.), not simply one double star 
but a system of six bodies. Such a hazardous supposition, what- 
ever the interaction of the six bodies, could scarcely be seriously 
considered in the interpretation of the spectrum of the Nova. 





* Communicated by the author. 
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The fact that the assumption of two stars moving in the line of 
sight has proved itself insufficient to explain the original appear- 
ance, and still less the later developments, of Hg in this spec- 
trum, starts the question as to whether the hydrogen spectrum 
from terrestrial sources of light may not furnish a more satisfac- 
tory explanation. The question becomes more important in con- 
sideration of the fact that one can scarcely pass judgment upon 
stellar processes as revealed by the spectroscope with that cer- 
tainty with which he interprets spectroscopic observations in the 
laboratory. Once assumed that it is possible to simulate with 
all its anomalies, or even with some of them, the spectrum of the 
Nova in the laboratory, the supposition of several bodies is no 
longer necessary ; and the simpler explanation of new stars given 
by Z6llner in 1865* demands our consideration. 

The literature of the hydrogen spectrum produced by artificial 
sources offers us little material for the interpretation of the case 
in hand. We have indeed some remarkably good measurements 
of wave-lengths in the hydrogen spectrum, but what is known of 
the behavior of hydrogen under various conditions of pressure 
and temperature is, in quantity, meagre, and in quality far below 
the standard reached by modern apparatus in other departments 
of spectroscopy. 

Most of the observations in this field are of an old date and 
faulty, at least,on account of the inferior instrumental equipment 
of that time. What most interests the physical astronomer in 
the interpretation of stellar spectra, (in so far at least as they de- 
pend upon cosmical processes), are the changes of the spectrum 
produced by changes of pressure and temperature at the luminous 
source. The position of any line in the spectrum and its wave- 
length are matters of secondary importance. 

During a series of vears which I have devoted to the spectrum 
of the hydrogen tube, this dearth of literature induced me to 
carefully preserve all the results of my observations which might 
in any way extend our knowledge of the metamorphosis of this 
spectrum. I now find on my hands considerable new material re- 
lating to the subject. In order to compare earlier and later 
results extending over a period of years I have used the photo- 
graphic method; and I have spared no pains to make my instru- 
mental equipment the best of its kind. I have put a special 
emphasis upon the definition of the photograph. Tis was the 
more necessary as small dispersion had to be retained while other 
and more severe conditions were to be fulfilled. 


* Zollner, Photometrische Untersuchungen, Leipzig, 1865. 











Victor Schumann. 161 

A part of this work refers to the reversal of the hydrogen lines. 
Experimental work in this direction is beset with difficulties, 
always great, at times insurmountable. So that I am free to con- 
fess that the results of my study of reversals, though they have 
occupied much time, fall far short of my expectations. And this 
is why I have not hitherto published anything on this subject. 
Since, however, certain of these phenomena remind one very fore- 
ibly of the changes in the lines of the spectra of Nova Aurige, I 
have decided to describe these phenomena of reversal without 
waiting to further verify or extend the results already obtained. 

I may perhaps indulge the hope that my communication will 
arouse some interest and incite further rsearch in this field. 

I pass now to the description of the experiments mentioned 
above. The following account is based upon two large series of 
photographed spectra and upon my photographic diary which 
contains definite information concerning each spectrum. My ex- 
periments refer to the influence of pressure and temperature upon 
the spectrum of the hydrogen tube. Circumstances were so ar- 
ranged that the pressure in the tube never exceeded 100 mm. of 
mercury. The increase of temperature in the electric spark was 
obtained by the successive introduction into the circuit of a Ley- 
den jar and a spark gap. 

The apparatus was put together as follows: 

The Geissler-pump was connected with one of Kipp’s hydrogen 
generators and with the vacuum-tube whose spectrum was to be 
photographed. Every part of the apparatus which came in con- 
tact with the hydrogen was made of glass with the exception of 
a quartz stopper to be mentioned later. All the connections, by 
careful grinding, were made air-tight. The air-pump was filled 
with mercury which was chemically pure, and the drying tube 
with phosphoric anhydride spread out upon glass wool. 

The hydrogen was prepared from the purest obtainable zine 
and sulphuric acid, such as are used in regular medical practice, 
and before being admitted to the drying tube was purified by be- 
ing passed in series through caustic soda, silver sulphate, (silver 
nitrate is absolutely worthless for this purpose) and potassium 
hydrate in stick form. The drying tube consisted of two cham- 
bers shut off by stop cocks from the rest of the apparatus and 
from each other. The hydrogen, after remaining for consid- 
erable time (generally over night) in the first chamber, was 
passed into the second chamber made of two U tubes, and aftera 
still longer delay here, was admitted to the Geissler tube. The 
drying substance of both chambers (phosphoric anhydride) was 
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spread upon loose fibrous glass wool of purest quality, in such a 
manner as to expose a large surface. (The ordinary wool of com- 
merce cannot be recommended for this purpose). In this manner 
hydrogen can be dried more thoroughly than in any other way. 
If one simply passes the gas over the drying substance several 
days will be required for it to reach its maximum dryness. Moist 
hydrogen always gives the spectrum of water-vapor in addition 
to that of hydrogen, if not in the visible region, at least in the 
ultra-violet, being, as is well known, especially strong in the 
neighborhood of w.1., 3000. Angstrém’s units. When, therefore, 
the visible spectrum is free from foreign lines, one cannot conclude 
that the contents of his tube are pure. Indeed many impurities 
make their appearance higher up in the spectrum than the most 
refrangible of the hydrogen lines. Among these impurities is 
water-vapor. 

The vacuum-tube was arranged ‘‘end on,” and, to secure per- 
fect transparency for the ultra-violet rays, was closed at one 
end with a conical quartz stopper 3cm.in length. The capillary 
part of the tube lay in the geometrical axis of the stopper. The 
ends of the quartz stopper were plane, parallel, and perpendicular 
‘to the axis of the cone. For three-fourths of its length the stop- 
per was carefully ground and fitted to the neck of the tube. The 
outer half of the cone was given a thin coating of grease. By 
this method one had nothing to fear from decomposition pro- 
ducts of the grease rendering the contents of the tube impure, be- 
cause the inner part of the stopper remains free from tallow. In 
like manner the joints of the air-pump and the hydrogen genera- 
tor were made air-tight. Some tubes so fitted with quartz stop- 
pers cannot be heated by a flame placed underneath. But with 
the above arrangement one runs no risk of breaking the tube by 
heating provided he does not bring the flame too near, and in no 
case up to, the quartz stopper. The tubes were filled, in the us- 
ual manner, after eachexposure. They were not, of course, sealed 
off in the flame, but during the whole experiment remained in 
connection with the air-pump. 

The spectrograph consisted ‘of a 60° compound prism made up 
of a right and a left handed quartz together with two plano-con- 
vex quartz lenses. The focal length of these lenses for the D line 
was 750 mm. The capillary portion of the vacuum-tube jay in 
the prolongation of the axis of the collimator. Between the tube 
and the collimator was placed a condensing lens made up of two 
crossed quartz cylinder lenses. Thisstretched the luminous point 
out into a line, concentrated the light in the opening of the slit, 
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and above all aided in good definition in the spectrum. Further 
details concerning the photographic outfit are reserved for the fu- 
ture, since they are aside from the present purpose of this paper. 

The photographic plates I prepared myself. Those on the 
market are unsuitable, not being sufficiently sensitive in the F 
region. All plates intended for use in the neighborhood of the F 
line demand a strong silver iodide emulsion. A good proportion 
is 100 parts of silver bromide to 5 parts of silver iodide. Though 
it is not to be forgotten that such emulsions are valuable only 
when the silver haloids (Ag Br and Ag I) are deposited at the 
same time in the gelatine solution. A mixture of prepared silver 
bromide gelatine and prepared silver iodide gelatine shows very 
different properties from the above-mentioned emulsion, and is 
useless for work in the region of the F line. The preparation of 
this emulsion is best made according to the ‘“ silberoxydammon- 
methode”’ of Dr. J. M. Eder of Vienna. 

The electrical apparatus was composed of a Grove battery of 
six cells, a Ruhmkorff induction coil giving a 25 cm. spark, a Ley- 
den jar with an outer coating of 500 cm.’, and a spark-holder. In 
general the strength of the primary current was 15 ampérés, the 
electromotive force being 9 volts. 

The following results were taken from two series of photo- 
graphs. The one includes negatives taken under a pressure of 1, 
2, 3, 5, 7, 10, 14, 19, 25, 32, 40, 50, 65, 80, 100 mm. of mercury 
respectively ; the other series was made under identical cireum- 
stances, except that the respective pressures were 11%, 5, 9, 16, 30, 
40,100 mm. of mercury. The tubes, however, in the two cases 
were different. The tubes in the first series had the ordinary di- 
ameter of Geissler tubes, but the bore of the tubes in the second 
series was much smaller, amounting to not more than 0.27 mm. 
For each pressure at least two negatives were made, one witha 
Leyden jar in circuit, the other with a Leyden jar and a spark 
gap. Besides these those of several pairs of negatives were taken 
with the Leyden jar left out of the circuit, but with the spark gap 
retained. The two series include 57 negatives. All the details of 
these photographs do not here concern us. I limit myself to the 
mention of those of their spectral peculiarities which bear upon the 
subject of this paper. The introduction of the Leyden jar into the 
circuit increases the photographic energy of the light from the 
tube, but only up to a certain pressure. As soon as the pressure 
has reached a few millimeters the photographic effect begins to 
diminish, the spectrum gradually loses its great wealth of lines, 
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until, at a pressure of 32 mm. only the two lines *H, and *Hs are 
left, and even these are exceedingly weak and thin. From there 
on the negatives gain in intensity with increasing pressure, but 
the linear character of the spectrum does not return. It consists 
now only of the lines Hg H, Hg and of these the first is the last 
to make its appearance. Ata pressure of 100 mm., H, is added. 
On all the negatives there is a continuous band beginning with 
H, and extending far into the ultra-violet. The photographs of 
these series taken under low pressures are unimportant for our 
purpose. I pass therefore directly to the spectra exhibited under 
pressures of 65, 80, and 100 mm. pressure. Under a pressure of 
65mm. the prominent lines are Hz, and H,. In these negatives 
they are well defined, although the sharpness of their edges is 
injuriously affected by broad, hazy fringes of considerable inten- 
sity, which shade off into the background from both sides of the 
lines. 

Under a pressure of 80 mm., Hg has lost much of its definition, 
and close to it on each side one observes two fine thin lines; the 
fringe is here present also, only it is wider than under a pressure 
of 65mm. H, has lost its definition completely but has increased 
in breadth. The same is true only in a still higher degree of its 
fringe. Under 100 mm. pressure the more refrangible component 
of the pair of lines just mentioned as belonging to Hg has disap- 
peared, and in its place has appeared H, itself, broad, but very 
weak; near by on the lower side one observes a thin line twice 
as broad, perhaps, as the thin line of the previous photograph. 
The fringe of Hg has now spread itself out more toward the blue 
than towards the red, thus displacing the middle of it towards 
the blue. In like manner the pair above mentioned appears dis- 
placed somewhat towards the opposite side. H, remains only as 
a very weak line which gradually loses itself in the broad, hazy 
background in which it lies. Hs possesses still less character than 
Hy, and H,, which here appears for the first time, is only a faint 
maximum in the intensity of the spectrum at this place. All the 
more refrangible hydrogen lines observed in the spectra of the 
white stars do not make their appearance in photographs made 
under a pressure greater than 32 mm. In their stead one finds 
only the continuous spectrum mentioned above. 

From this summary it is evident that it is Hg only that shows 
reversal as well as displacement. In none of the other lines do I 


* The subscripts of these two letters are wanting in the author’s manuscript. 
Judging from the next two or three sentences, these subscripts were intended to 
be y and 6 respectively, and I have accordingly supplied them.—Translator. 
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find any trace of such a change in their appearance. On account 
of the difficulty of photographing H, I have devoted no attention 
to it, though from my earlier observations I found it to be more 
easily and conspicuously reversed than H.* 

If beside the Leyden jar one introduces a spark gap into the cir- 
cuit, the effect of the jar is so altered that the maximum of photo- 
graphic intensity which previously made its appearance under a 
pressure of 32 mm, now appears under a pressure of 2 mm. In 
fact all the variations of the spectrum produced by the Leyden 
jar without any spark gap, and under increasing pressure, are 
now obtained under a pressure of approximately 30 mm less. 
The only marked deviation from this rule which I noticed was 
under a pressure of 65 mm, where, as well as under 80 mm, the 
spectrum shows two fine transparent lines on both sides of the 
uncommonly faint H,. No displacement of H; was here observ- 
able. This makes the displacement under 100 mm pressure all 
the more striking. H, now appears, in contrast to previous neg- 
atives, only as a double line. The more refrangible of its compon- 
ents is very deep [intensiv], much widened, and notably displaced 
towards the blue. The other component, on the contrary, is 
thin, by no means so widened as the first mentioned line, 
and very slightly displaced towards the red. H, appears on this 
negative as scarcely more than a slight increase of intensity in 
the spectral band, which extends farther than usual into the ul- 
tra-violet, and overpowers the two very faint maxima of inten- 
sity which, when the tube is illuminated for only an instant, one 
observes in the positions of H; and H, respectively. 

But my experiments with narrower discharge tubes have led to 
quite different results. In these tubes, as is well known, the tem- 
perature is higher than in those of the larger calibre, because 
the energy of the electric spark is distributed to a smaller 
number of molecules. To obtain the reversals mentioned 
above, it occurred to me that this very circumstance would fur- 
nish a convenient means of obtaining a high temperature in the 
vacuum-tube, and it appeared not unlikely that this would favor 
the reversal of the hydrogen lines. This hope, however, has not 
been realized, either in this case or in any other, in which I have 
had the same object in view. The cause of this lies probably in 
the properties which narrow capillary tubes exhibit when sub- 
mitted to a powerful electric discharge. If one simply passes the 
induction spark through a hydrogen tube whose capillary part is 


* Here again the subscript is wanting in the author's manuscript. Hg is pro- 
bably the line intended.—Translator. 
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quite fine, say a quarter of a millimeter, he obtains a very bright 
hydrogen spectrum. But so soon as a Leyden jar is introduced 
into the circuit, the brightness of the hydrogen lines diminishes in 
a very striking manner; and the capillary portion of the tube, 
which before shone with a red light, flashes out with an intensely 
bright white light, while at the same time the hydrogen spectrum 
is replaced by the spectrum of the vapor of glass furnished by 
the inner wall of the tube. This spectrum of glass contains a 
great many lines. If we employ a still higher electro-motive- 
force, as can easily be done by introducing into the circuit a 
spark-gap, the capillary portion of the tube then shines with a 
brilliant white light. From the evidence furnished by its spec- 
trum this radiation is entirely from the vapor of glass. The hy- 
drogen spectrum does not make its appearance, and the conduc- 
tion of electricity is entirely carried on by the vaporized constit- 
uents of the glass, with the exception of sodium, which, like hy- 
drogen, appears to take no part in the process. We may remark 
incidentally that the spectrum of the vapor of glass is one of 
magnificent colors and very sharp lines. As the discharge cur- 
rent becomes stronger the lines widen, and when the strength of 
the discharge is still further increased the spectrum becomes con- 
tinuous, with its maximum of photographic energy in the ultra- 
violet. 

Thus the narrower of my two tubes showed only a trace of re- 
versal in any of the spectra photographed with it. Of course by 
a pressure of 100 mm. the spectrum as photographed was only a 
dense continuous band in which one recognizea Hg and H, as 
faint lines, together with a number of lines which do not belong 
to the spectrum of hydrogen. 

So far as reversals are concerned, the experiments with the 
narrow tube need not be mentioned here. Indeed, I have men- 
tioned them merely to indicate what a tremendous influence an 
apparently secondary matter may exert upon the reversal of the 
hydrogen lines. 

If it be asked whether the phenomena of reversal as observed in 
my hydrogen spectra furnish, in themselves, an explanation of the 
reversal of the lines in the spectrum of Nova Aurigz, the answer 
must be decidedly in the negative. At the same time it is possible 
that a sufficient extension of the observations may lead to a more 
satisfactory explanation of stellar processes than is possible on 
any hypothesis hitherto proposed, for ‘tthe solitary basis of in- 
terpretation of stellar spectra is laboratory work.’’* 

Lerpsic, 17, December, 1892. 


* See this journal, volume for 1892, page 582. 
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ON THE PROBABILITY OF CHANCE COINCIDENCE OF SOLAR AND 
TERRESTRIAL PHENOMENA.* 


GEORGE E. HALE. 

In a paper communicated to the Paris Academy of Sciences in 
1887+ M. Marchand has compared the solar and magnetic ob- 
servations made at the Lyons Observatory between May 1, 1885, 
and Oct. 15, 1886. He concludes that ‘‘ each of these maxima (of 
a curve of magnetic intensity) sensibly coincides with the passage 
of a group of spots or a group of faculz at its shortest distance 
from the center of the solar disc.’’ He adds that ‘‘ there seems to 
be no relation between the intensity of the perturbations and the 
diameter of the spots.” 

The coincidence pointed out is a striking one, and some have 
come to regard it as expressive of a general law. The purpose of 
this paper, however, is to inquire whether such coincidence may 
not be of a purely accidental nature. Dr. Veeder believes that 
perturbations of terrestrial magnetism are caused by disturbance 
at the Sun’s eastern limb, and he finds spots or facule at the 
places indicated whenever auroras are observed. M. Tacchini, on 
the contrary, holds that the position of the disturbed region on 
the solar disc has nothing to do with its effect on terrestrial mag- 
netism. 

In the observations of M. Marchand ‘the faculze were gen- 
erally observed up to a considerable distance from the two 
limbs; it may be concluded that they must have persisted as far 
as the center, although observation was rarely extended to that 
point.” At present it is an easy matter to photograph faculze 
wherever they occur on the solar disc with the spectroheliograph 
of the Kenwood Observatory. In previous numbers of ASTRON- 
OMY AND AstTrRo-Puysics I have described the instrument and 
some of the photographs obtained with it. Suffice it here to say 
that the faculz are shown on these photographs to be far more 
numerous than visual observation or photographs taken with 
instruments hitherto employed had led us to assume. The great 
spot zones in the northern and southern hemispheres of the Sun 
are occupied by large numbers of facula, which sometimes extend 
in almost unbroken belts entirely across the disc. 

In the following table are given the results of an examination 
of 142 photographs of the Sun, obtained on as many different 
days between Jan. 25, and Dec. 3, 1892, at the Kenwood Observ- 


* Communicated by the author. + Comptes rendus, t. civ, p. 133. 
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atory. In successive columns are recorded the number of the 
plate, the date, and the number of groups of facule on the cen- 
tral meridian of the Sun. 








Plate No. of Groups Plate No. of Groups 
No. Date. of Facule on No. Date. of Faculae on 
D. Isd2, Central Meridian. D. Iss. Central Meridian 
h h 
277. Jan. 25, 3-12 I 752 June 10, 1.29 I 
313 Feb. 4, 4.32 I 764 II, 11.26 2 
315 6, 10.20 I 770 3. 10.54 2 
322 9g, 10.02 I - 752 14, 11.55 2 
33° 10, 2.31 I 784 15, 10:37 2 
343 CE, 88.95 I 791 16, 10.45 I 
344 12, 11.37 2 Sol i, 2.42 2 
351 13, 10.42 2 S09 20, 12.33 2 
301 15, 11.53 2 S18 22, 4.31 oO 
306 10, 12.14 2 523 24, 5-04 3 
370 17, 10.33 I $27 25, 12.05 2 
375 Mar. 2, 1.11 I $39 July 5, 12.07 I 
378 3, 235 2 S51 6, 12.04 I 
379 8, 3.20 I 5558 7, $2.23 1 
381 10, 11.52 2 562 5, 10.15 I 
333 II, 11.03 2 503 II, 10.05 4 
391 12, 11.35 2 87 12, 11.42 1 
393 14, 12.51 1 e354 13, 12.04 2 
395 15, 11.59 2 $93 Lt, 10.23 I 
402 21, 12.19 I 907 15, 11.5! I 
404 23, 4.03 a O15 16, 10.44 2 
410 24, 1.05 I 929 1S, 11.07 2 
413 29. 8:20 1 934 19, 10.54 ! 
414 28, 11.56 1 950 at, 18:30 l 
410 “i, 3:32 I 959 23, 4.01 2 
421 Apr. 3, 81.29 I O74 25, 12.48 I 
6, 10.45 3 QS7 26, 12.05 a) 
9. 3-34 2 1001 27, 11.26 I 
10, 3.25 I 1012 23, 12.15 I 
12, 1.24 2 1013 29, 3-45 
6. 23 oO 1025 30, 12.50 2 
18, 2.25 I 1033 Aug. 2, 11.52 I 
19, 10.30 I 1002 12.15 2 
21, 9:34 I 1073 Ht, 19225 I 
22, 12.50 2 1095 18, 2.20 1 
23, 10.57 2 1102 9, 2:53 2 
25. 3-12 I 1106 20, 10.45 2 
26, 9.42 2 1115 26, 10.52 2 
27, 4:32 I 1132 27. 12.94 2 
29, 12.47 1 1135 29, 3-23 oO 
May 3. 4.4! 2 1144 $8, 92:37 2 
4, 12.18 H 1154 Sept. 1, 12.42 2 
6, 10.20 2 1163 2, 12.56 2 
7, 10.52 oO : 1168 3, Figs I 
12, 12.00 oO 1177 5. 11.20 1 
14, 2.45 1 1156 6, 12.26 2 
16, 10.24 I 1196 3, 4.38 1 
17, 12.47 I 1201 Q, 72:41 2 
18, 2.02 2 1219 16, 11.00 I 
21, 30:35 2 1215 15, 3-35 3 
23. 204 I 1227 a7, 11,20 I 
25, 11.09 oO 1242 20, 4.08 I 
26. 2:22 I 1246 22, 11.22 2 
27. 1.35 I 1253 23, 12.08 2 
736 June 4, 11.32 1 1260 24, 12.22 I 
743 6, 12.48 I 1270 26, 1.32 I 
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Plate No. of Groups Plate No. of Groups 
No Date of Feenlae on No. Date. of Faculae on 
D 1Sv2 Central Meridian. bD. ISM. Central Meridian. 

h h 

1275 Sept. 27, 11.12 I 1423 Oct. 19, 12.55 I 

1285 28, 11.44 oO 1429 25, 10.09 1 

1299 29, 1.02 I 1439 27, 2-45 I 

1313 30, 2.40 I 1444 25, 40.14 2 

1317 Oct. 3, 10.51 2 1456 29, 11.54 2 

1329 4; 3.25 I 1467 Nov. 5, 12.48 I 

1339 5, 11.44 I 1472 10, 11.21 I 

1342 7, 10.40 I 1450 12, 9.45 I 

1351 10, 10.44 I 1503 15, 12.49 I 

1365 II, 10.18 I 1511 16, 10.23 I 

1376 12, 10.00 I 1529 18, 12.16 2 

1393 13, 2.50 2 1535 19, 1.10 I 

1395 14, 12.14 2 1542 21, 11.45 I 

1404 15, 1.02 I 1549 26, 2.41 I 

1411 57, 12:57 I 1551 Dec. 3, 10.36 I 


It will be seen that out of the total number of 142 plates 132 
show one or more groups of faculz on the central meridian, i. e. 
at their shortest distances from the center of the solar disc. Of 
the remaining 10 plates 8 have no facule on the central meri- 
dian, and 2 are doubtful. If we class the doubtful plates with 
those showing no facul# in the position indicated, we find a 
probability of 0.93 that at a given time there will be one or 
more groups of faculz on the central meridian.* Moreover, as 
the number of groups of faculz is independent of the heliocentric 
longitude of the Earth, it follows from the observations em- 
ployed that the probability that at a given time one or more 
groups of facule will be on a given meridian of the Sun is 0.93. 
This value will naturally be smaller in periods of decreased solar 
activity, but coincidences noted in epochs like the present can 
hardly be regarded as of great importance. The very fact that 
both eastern limb and central meridian advocates can find coin- 
cidences sufficiently numerous for their purpose, is strong evi- 
dence that chance alone may be involved. A 27-day period in 
terrestrial magnetism, however, weuld seem to mean that the 
solar rotation is an important factor. 

Lord Kelvin has recently shown the extreme difficulty of re- 
garding terrestrial magnetic storms as due to the direct magnetic 
action of the Sun. Instead of discouraging further research the 
utterances of so distinguished an authority should lead to a more 
careful study of solar phenomena, and a fuller consideration of 
the electrical forces possibly at work in our central luminary. 

BROOKLYN, Jan. 11, 1892. 

* The mean number cf groups on the central meridian per day may he taken 
as a rough measure of the solar activity. Averaged for months we find tor Feb- 
ruary 1.4, March 1.3, April 1.4, May 1.1, June 1.6. July 1.3, August 1.5, Septem- 


ber 1.4, October 1.3, November 1.1. There was thus a maximum in June, and 
after August a steady decline. 
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STARS HAVING PECULIAR SPECTRA.* 


M. FLEMING. 


An examination gf the photographs of stellar spectra received 
on December 6, 1892, from the Peruvian station of the Harvard 
College Observatory, and taken under the direction of Professor 
W.H. Pickering, has led to the discovery of the following objects 
of interest. The five stars given in the following table have spec- 
tra of the fifth type, consisting mainly of bright lines. This adds 
two more to the group of stars of this class in the constellation 
Argo, and increases the known number of these objects in the en- 
tire sky from forty-five to fifty, all of which are near the central 
line of the Milky Way. None of these five stars are catalogue 
stars. Their approximate right ascensions and declinations for 
1900 are given, followed by their galactic longitudes and galactic 
latitudes. 


Rk. A. Decl. G. Long. G. Lat. 

1900 1900 
h m . E . . “ : 
10 13.3 67. 28 251 14 —o 48 
10 47.9 — 61 46 257 5 —2 36 
II 55-2 — 54 33 263 29 +6 53 
3 24.3 — 6 34 275 15 —o |! 
15 55-0 — 62 28 290 34 —8 28 


In addition to the objects in the above list, a star in Scorpius, 
whose approximate position for 1900 is in R. A. 16" 56".8 Dec. 
—36° 40’, was found to have the hydrogen lines bright in its pho- 
tographic spectrum. As this is a property of many known vari- 
ables of long period and has already led to the discovery of a 
number of new variables, chart plates containing the region of 
this star were at once examined and resulted in the confirmation 
of its variability. The plate on which the star was found was 
taken in August 1892. The exact date is not given since the rec- 
ord has not yet been received from Peru. Themagnitudes < 12.9 
124 < 11, < 114, 9:5. < 10:4, 11.3, 2S; 24S, 12:6). Pik, 
10.5, 10.5, 10.4, 10.1, < 11.4, < 11.4, and 9.2 were derived from 
measures of photographs taken on June 3, June 21, July 9, July 
13, 1889; March 25, May 9, June 14, June 21, June 23, Sept. 5, 
Sept. 6, 1890; May 18. May 18, May 20, May 20, 1891; May 
17, May 17, and August, 1892, respectively. From an examina- 
tion of spectrum plates taken at Cambridge B. D. + 9° 4369, R: 
A. 19" 56.3, Dec. + 9° 14’ (1900) magn. 8.7, is shown to havea 
spectrum of the fourth type. 

HARVARD COLLEGE OBSERVATORY, 

Cambridge, Mass., Jan. 11, 1893. 


* Communicated by Edward C. Pickering, Director of the Harvard College 
Observatory. 
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ASTRO-PHYSICAL NOTES. 





All articles and correspondence relating to spectroscopy and other subjects 
properly included in Astro-Puysics, should be addressed to George E. Hale, Ken- 
wood Observatory of the University of Chicago, Chicago, U.S. A. Authors of 
papers are requested to refer to last page for information in regard to illustra- 
tions, reprint copies, ete. 


The Ultra-Violet Hydrogen Spectrum.—In a recent letter, Professor W. H- 
Pickering writes, “In looking over the October number of AsTRONOMY AND As- 
TRO-Puysics, I see that in the article by M. Deslandres, he supposes that the five 
hydrogen lines he refers to are new. All of them are found in the stellar spectra, 
and have been known for some years. He will tind four of them referred to in the 
Draper Catalogue, p.6. Two more beyond the five he mentions were found here 
last year in the photographic spectrum of Canopus, which have been accordingly 
designated as oand z. These more refrangible lines are not found, as might be 
supposed, in the bluest stars, but in those that are much more yellow. Thus the 
last line of the hydrogen series in the Orion stars is z (iota), and the same is true 
of Sirius, which, by the way, is not a particularly blue star. Canopus, which 
contains the most complete series of hydrogen lines so far known, is of the second 
type, but rather bluer than our Sun. M. Deslandres’ paper is interesting as 
giving further proof that the temperature of the prominences is probably higher 
than that of the solar surface.” 


Photography of Sun-Spot Spectra.—The spectra of Sun-spots have recently 
been photographed in the less refrangible region by Father Sidgreaves at Stony- 
hurst, and in the blue, violet and ultra-violet by Professor Young and Professor 
Hale. In a recent letter, Father Sidgreaves says: ‘“*The remarks I should 
make upon these plates (in region D — b) are precisely those Professor Hale 
has made in Astro-PHysics upon the spectra in the more refrangible end: 
intensified absorption, but no clear evidence of widening.’’ Doubt is thus thrown 
on the reality of the widening of lines as an objective phenomenon, but that it 
occurs in certain cases cannot be controverted. If the effect were a subjective 
one, we should expect to find all the lines of the solar spectrum more or less 
widened in spots, but in reality certain lines appear to be widened, while others 
cross the dark absorption band without apparent change. In any case the pho- 
tographic method should certainly prove far superior to the visual in studies of 
spot-spectra. 

In a discussion of Father Sidgreaves’ photographs at the November meeting 
of the Royal Astronomical Society, Capt. Abney said that he had made many 
photographs of Sun-spots and their spectra, and had come to the conclusion that 
there is really no widening of the dark lines over spots. The appearance of 
widening in the photographs he considers simply due to the fact that the plate is 
there less exposed. 

Since the above note was written we have learned from Professor Young that 
ne has obtained photographs which clearly show widened lines in the green re- 
gion of the spectrum. 

Schumann’s Photographs of the Ultra-Violet Spectrum.—We have recently re- 
ceived through the kindness of Herr Victor Schumann, of Leipsic, two of his 
original negatives of the extreme ultra-violet spectrum. They were taken with 
his vacuum-spectrograph, the optical parts of which consist of a 70° fluor-spar 
prism and two fluor-spar lenses of 120 mm. focal length. The sensitive plates 
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were made by Herr Schumann after his own formula, which gives the only plates 
yet obtained which are sensitive to the region above 4 1852. 

Plate No. 2832 (Oct. 15, 1891), was exposed for one minute to the spark 
taken between aluminium electrodes, placed at a distance of 1 mm. from the slit. 
The spectrograph was exhausted to a pressure of 1 mm. of mercury. Four 
groups of strong lines are shown above A 1852, all of which were previously un- 
known. 

Plate No. 2889 (Oct. 26, 1891) greatly extends our knowledge of the spec- 
trum of hydr« gen. The vacuum-tube was in open connection with the interior 
of the spectrogiaph, so that the same pressure (3 mm. of mercury) existed in 
both. The extremely narrow slit (0.010 mm.) made necessary an exposure of 48 
minutes. A strong group of lines is shown at 4 1620, and beyond this a very 
large number of fainter lines. 

The definition and sharpness of the lines in these photographs surpasses any- 
thing we have ever seen. In the microscope the plates are seen to be free from 
grain, while but little of the sharpness is lost under great magnification. After 


Ss 
s 


a visit to Herr Schumann's laboratory and a careful study of his apparatus and 
methods, we have come to regard him as without an equal in experimental spec- 


troscopy. 


A Criticism by M. Faye.—It will be remembered that at the last summer's 
meeting of the British Association, Professor Schuster propounded in his Presi- 
dential Address before Section A, a number of suggestive questions in regard to 
the nature of the Sun and its spots. In Comptes rendus, Dec. 5, 1892, M. Faye 
recalls these remarks, and criticises them in the light of his well-known theory of 
the Sun. , 

M. Faye admits, as he has had occasion to do in consideration of the facts 
many times before, that the penumbra of a spot but very rarely shows any indi- 
cation of cyclonic motion. But he adds that this by no means proves ‘*that the 
gases enclosed in the umbra do not rotate, for the penumbra is a phenomenon 
wholly exterior to the spot; it can only exceptionally be affected by the gyra- 
tion.” 

M. Faye's idea of the plan and section of a normal Sun-spot is given in a fig- 
ure accompanying his paper. The cyclone is supposed to penetrate vertically 
through the lower strata of the photosphere, at the same time producing a con- 
siderable fall of temperature in its immediate vicinity. The small luminous 
clouds, formed at the extremity of ascending columns of vapor, and constituting 
the photosphere, exist at a lower level in the cooler region surrounding the spot, 
and are drawn out into the familiar filaments of the penumbra. The compara- 
tively cool mass of gas through which we see the penumbra causes the decreased 
brilliancy by its absorption. 

Thus the penumbra exists at a lower level and surrounds the cyclone at a 
distance. It therefore does not, in ‘general, participate in its rotatory motion. 

In support of his views, M. Faye presents an analogy drawn from a study of 
terrestrial cyclones. Meteorologists can hardly be said to accept unanimously M. 
Faye's theories of the latter phenomena, but in carrying out the parallel, the im- 
mobility of the cooled mass of air surrounding a cyclone is accounted for by the 
same reasoning employed in the case of spot-penumbre. 

In regard to Professor Schuster’s suggestion that, as cyclones in a group 
should move around each other in a definite way, we ought to obtain decisive 
evidence for or against the cyclone theory by a close study of the relative posi- 
tions of a group of spots, M. Faye admits the difficulty of accounting for the 
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various appearances of a large spot in process of disintegration. He maintains, 
however, that there is always a tendency in the various parts toward circular 
motion, and again seeks support in terrestrial analogies. 

Protessor Schuster’s somewhat cautious proposal that the spots be regarded 
as regions of the solar surface cooled by artificial evaporation due to electric dis- 
charges setting out from within the photosphere is not acceptable to M. Faye, on 
account of the difficulty of believing that a discharge could persist in the same 
place for months in a mobile and fluctuating medium. 

M. Faye considers it possible that the violent movements at the surface of the 
Sun may cause slight disturbances of terrestrial magnetism, but sees no reason 
to modify our ideas on the purely mechanical origin of spots, pores and promi- 
nences or their periodicity. 


Remodeling the Paris Reflector for Spectroscopic Work.—In No. 20, T. CXV, 0 
the Comptes rendus, M. Deslandres describes the changes which he has made in 
the four-foot reflector of the Paris Observatory in order to adapt it to stellar 
spectrum photography, with special reference to the determination of motions in 
the the line of sight. The diagonal reflector of the Newtonian mounting has been 
removed, and a spectroscope is supported inside the tube of the telescope, with 
the collimator in the axis of the tube, and the slit in the focal plane of the great 
mirror. Three prisms of heavy flint glass give the necessary dispersion. Their 
dimensions, and those of the collimator, are not stated, but the linear scale of the 
photographs is such that in the blue part of the spectrum a displacement of one 
two-hundredth of a millimeter corresponds to a motion of 3.6 kilometres in the 
line of sight. According to these figures, one millimeter on the photographic 
plate is about equal to 11.7 tenth-metres at F, so that the scale is considerably 
larger than that of the Potsdam photographs, (1 mm = 13.0 tenth-metres at 
Hy). The spectrograph is enclosed in a box of sheet steel, in order to ensure the 


“perfect rigidity of all the parts. 


In order to keep the image of a star on the slit during long exposures, the 
polished steel slit-plate is slightly inclined, and light reflected from it is received in 
a four-inch telescope with diagonal eye-piece, placed near the lower end of the 
great tube within easy reach of the slow motions in right ascension and declina- 
tion. 

This arrangement of a spectroscope directly in the axis of a reflecting tele- 
scope is rendered possible by the great size of the mirror which M. Deslandres has 
at his disposal. It is evidently a very efficient one, and we may expect the Paris 
reflector to take a more prominent part in future astronomical work than it has 
occupied in the past. 

According to M. Deslandres, exposures of two hours can be made with this 
apparatus without detriment to the definition. This brings fourth magnitude 
stars within the range of the instrument. Seventy measureable photographs of 
stellar spectra were obtained during the first ten months of the present year. 

The advantages of these photographs, as compared with those obtained at 
Potsdam, are stated to be the following: 

‘*(1). The emergent beams from the star and from the source of comparison 
are as nearly as possible of the same diameter, a condition which is necessary in 
absolute measurements of displacements, but which is not realized at Potsdam. 

‘*(2). The displacement of the spectra is measured, not by the single ray Hy, 
as at Potsdam, but by all the lines of hydrogen, calcium, and iron, which are for 
the most part fine and sharp in the star and in the comparison source, and which 
are equally valuable for comparison, since they are united by the telescope in the 
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large degree. 


given in our next number. 







ameter, due to light diverging from the other point. 










“ce 


nard describes 
hardly have been produced by chromatic aberration. 








taken with his reflector. 





same focus. The precision of the measurement is, therefore, augmented in a 


(3). The great surface of the mirror, although it makes the operation 
more difficult, permits the measurement of the motions of at least 250 of the stars 
in our sky, while the Potsdam apparatus gives only 60. 
round the constellation Hercules and the region of the sky opposite to it are rela- 
tively numerous. They wiil give, with the telescope, the velocity of translation 
of the solar system in space, which velocity has not yet been determined.” 


The stars which sur- 


The Spectrum of # Lyre.—Herr Belopolsky gives in A. N. 3129 the results of 
some recent photographs of the spectrum of 6 Lyre with the new spectrograph 
of the Pulkowa Observatory. The spectrograph is a duplicate of the one at Pots- 
dam, but it has the advantage of the far greater light-gathering power of the 30- 
inch refractor. Herr Belopolsky’s resultsconfirm those of Pickering, who described 
in A. N. 3051 the main features of the peculiar spectrum of this star; but while 
Pickering’s photographs extend from the upper limit of the violet to only a little 
below F, and did not admit of absolute measures of wave-lengths, Belopolsky’s 
were made on orthochromatic plates, and extended so far down in the spectrum 
as to include the D; line. They, moreover, allowed the positions of the lines to be 
determined with accuracy. A translation of Herr Belopolsky’s article will be 


Recent Observations of Nova Aurige.—The new star in Auriga continues to at- 
tract a great deal of interest in astronomical centers. 
brightness took place in December, probably in the nebular lines, and certainly in 
the lower part of its spectrum, as the photographic brightness is now considera- 
bly less than the visual. Some doubt has been expressed in Europe as to the re- 
ality of the nebulous appearance of the star first reported at the Lick Observa- 
tory. Mr. Newall, who was unable to see the nebulosity with the 25-inch re- 
fractor at Cambridge, points out that if a star emits D and F light only, its 
image in the Lick telescope would consist of two stellar points situated on the 
axis at some distance apart, and that if the evepiece should be focussed on one of 


A perceptible increase of 


=r 


these points, that image would be surrounded by a diluted disc some 7” in di- 
With light of wave-lengths 
500 and 575, the false nebulosity produced by chromatic aberration would be 
4” in diameter. While this reasoning is entirely correct, we do not think it prob- 
able that the experienced observers on Mt. Hamilton have been deceived by the 
appearances above referred to. A few experiments with the focussing screw 
would quickly show whether the nebulosity was real, or merely an effect of chro- 
matic aberration. That such experiments have been made, is evident from Mr. 
Campbell's article in A. N. 3133. Among the interesting points thus brought 
out, and explained from a consideration of the color curve of the 36-inch refraz- 
tor, is the fact that a small nebula like Nova Aurige will. in general, appear rela- 
tively brighter in a small telescope than in a large one. In A. N. 3118, Mr. Bar- 
a faint glow, perhaps half a minute in diameter,’ 


’ 


which could 


Herr Renz, of Pulkowa, also describes the nebulous aspect of the Nova. Mr. 
Newall suggests that observations should be made with a large reflector, but up 
to the present, no such observations appear to have been published. We believe, 
however, that Mr. Roberts could find no evidence of nebulosity on photographs 
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The region of Nova Aurige was photographed on Sept. 25 and 30 by Herr 
Max Wolf. The nebulosity surrounding the star did not appear on the plates, 
as the spreading of the photographic image extended beyond the limits of the 
nebula, but a number of new diffuse nebulz were discovered in the vicinity of the 
star, and there even appeared to be traces of nebulous appendages proceeding 
from the star itself. Unfortunately the weather did not permit sufficiently long 
exposures to remove all doubt as to their reality. + 

Mr. Campbell gives an account of his recent spectroscopic observations, and 
a drawing of the spectrum of the Nova, in A. N. 3133. The drawing is the same 
as that on page 717 of our October number, with the addition of a few faint 
lines in the violet. Nearly all the lines in the spectrum of the Nova were found 
either in the planetary nebula = 6, (G. C. 4390), or in the great nebula of Orion, 
and they are represented in many planetary nebulae that were examined, al- 
though with some remarkable differences in the relative intensities of the lines. 
The wave-length of the chief nebular line in the spectrum of the Nova still contin- 
ues to increase. 

The observations of Herr E. Von Gothard (A. N. 3122 and 3129, and the 
January number of this journal), show the almost complete identity of the spec- 
tra of the Nova and the planetary nebula, in a very beautiful manner. The nov- 
elty of the apparatus with which the photographs were taken is not the least 
interesting feature of the observations. An object-glass prism of small refracting 
angle was placed over the end of a 1014-inch reflector, and the spectra were pho- 
tographed with an ordinary star camera. As we have already printed a full ac- 
count of these observations, a further description is unnecessary. Herr Von Go- 
thard's photographs, like those of Mr. Campbell, show that the Nova has a disc 
of sensible diameter, thus proving the existence of nebulosity around the central 
star, as described by the Mt. Hamilton and Pulkowa observers. Herr Von Go- 
thard’s apparatus was not well adapted to the determination of wave-lengths; 
hence, no doubt, his mistaken identification of the lowest line in the spectrum of 
the Nova in the yellow, with a line of the Wolf-Rayet stars at 4582. According 
to Mr. Campbell, whose apparatus was capable of giving accurate positions, the 
line falls about midway between the bright lines in the Wolf-Rayet stars near 
A 5814 and A 5691, and it does not appear in any other spectrum so farexamined. 

It seems remarkable that no traces of the second nebular line at A 4958 or of 
the third line at F appear upon Herr von Gothard's photographs, considering the 
distinctness with which the chief line is represented in the drawings made from 
them. The peculiar character of the curve of sensitiveness of an orthochromatic 
plate may account for the absence of these lines, or it may be that the drawing is 
not intended to represent relative intensities with any approach to accuracy. 

Some of Herr von Gothard’s conclusions are not new, but of thuse that are, 
one of the most interesting is that the line at A 3727 is very mucn brighter in 
large diffuse nebule than in small nebulz ofthe planetary type, and the brightness 
of this line in a great number of different nebulz would be worthy of investiga_ 
tion. It will be remembered that it was this same line which surprised Dr. Hug- 
gins by appearing on some of his photographs of the spectrum of the Orion neb- 
ula and being absent from others taken with a slightly different position of the 
slit. The line was strongest, however, in parts of the nebule near the stars of the 
trapezium, and therefore in regions which were presumably most condensed. 

A very complete investigation of the spectrum of Nova Aurige with the Pul- 
kowa spectrograph, during the early months of 1892, has been published by Herr 
A. Belopolsky, in the Bulletin de f Academie Imperiale des Sciences de St. Peters- 
bourg. It deals entirely with the spectrum of the star before its reappearance in 
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August, and is one of the most valuable contributions to the history of the Nova 
which has appeared. 

No. 26 of the Publications of the Astronomical Society of the Pacific con- 
tains, besides many other articles of great interest, an admirable review of the 
whole spectroscopic history of Nova Aurigze by Professor Campbell. It is based 
on the observations made at Mt. Hamilton, and gives all the measurements of 
lines made before and after the reappearance of the star. A table of the chromo- 
sphere lines is given, with numbers proportional to the product of their frequency 
and intensity, and it is shown that nearly all the prominent lines in the winter 
spectrum of the star are prominent lines in the chromosphere spectrum, and vice 
versa. 

The motion of the star in the line of sight since its reappearance, as deduced 
from the displacement of the chief nebular line, is exhibited in the following table 
a part of which was printed in our December number: 


Date A Velocity. Date A Velocity. 
1892, Aug. 20 5003.6 — 128 miles 1892, Sept. 22 5002.5 — 169 miles 
21 4.9 125 Oct. 12 3-6 128 
22 3.7 125 19 3-8 121 
oe 3.1 147 Nov. 2 4.4 99 
30 2.4 173 3 4-7 87 
Sept. 3 2.4 73 a 4-4 99 
4 1.9 192 16 4-9 8o 
6 2.1 154 17 4-9 so 
7 1.9 192 24 45. —- 95 
15 2.2 — 180 






Disintegration of Holmes’ Comet.—Photographs taken by M. Deslandres at 
Paris, with a small photographic lens of short focus, show that on ‘the 21st of 
November Holmes’ comet was beginning to divide into two parts. On the 10th 
of December an hour's exposure failed to bring out any trace of the comet. The 
doubling detected by M. Deslandres was no doubt part of the process of diffu- 
sion (and perhaps disintegration) which has been observed of late. 






Astronomical Work at Harvard College Observatory in r892.—The forty-seventh 
Annual Report of the Director shows that the great activity which has charac- 
terized the work of the Harvard College Observatory in the past has been fully 
maintained in 1892. A mere list of the different objects observed would extend 
beyond the limits of a note. Some of the more important astro-physical obser- 
vations made either at Cambridge or at the branch Observatory at Arequipa, 
Peru, may, however, be mentioned as examples. 

In Peru, Mr. Bailey finished the work of observing the southern stars with 
the meridian photometer. Professor Wm. H. Pickering, in charge of the station, 
observed the Moon and planets with the thirteen-inch equatorial. Many new 
double stars were also found. In connection with the Henry Draper memorial 
nearly two thousand photographs_of stellar spectra were taken with the eight- 
inch Bache telescope, and their examination led to the discovery of many inter- 
esting objects. At Cambridge, 2777 photographs of stellar spectra were taken 
with the eight-inch Draper telescope, and 996 with the eleven-inch telescope. A 
large proportion of the latter were devoted to the spectra of 7 Aurige and ¢ Ur- 

sae “Majoris, in order to determine the law of the periodic doubling of the lines. 
Many photographs of Nova Aurige and its spectrum were also made. We note 
with pleasure that sufficient money has been subscribed by friends of the Obser- 
vatory to enable Professor Pickering to proceed with the construction of a fire- 
proof building for storing these invaluable photographs. 

The report begins with an acknowledgement of the indebtedness of the Ob- 
servatory in the past to the mechanical skill of the late George B. Clark. 
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CURRENT CELESTIAL PHENOMENA. 
PLANET NOTES FOR MARCH. 


H. C. WILSON. 

Mercury will be ‘“‘evening star’ during March, and wili be visible to the 
naked eye, an hour after sunset, during the two middle weeks of the month. The 
planet will be at greatest elongation east from the Sun, 18° 27’, March 14. After 
this date the planet will move rapidly westward, reaching inferior conjunction on 
the evening of the last day of the month. 

Venus will be ‘“* morning star,”’ but very close to the Sun. 

Mars will be visible in the west in the early evening. Having passed by Jupi- 
ter this planet will have proceeded so far to the eastward that the Moon will 
overtake it two days later than Jupiter. The conjunction of Mars and the Moon 
will occur March 21, at 10" 50™ p. Mm. central time. 

Jupiter may be observed best in the twilight during March. After dark he 
will be to low in the west to be well seen. A conjunction of Jupiter and the Moon 
will occur March 20, at 2° 37™ a. M. central time. In northern latitudes on the 
other side of the Earth an occultation of Jupiter will be seen. 

Saturn comes to opposition March 29, and so is in excellent position for ob- 
servation during the greater part of the night. For chart of his position in the 
sky see our January number, page 80. The rings may be well seen since they 
make an angle of 8° with the line of sight. There will be two conjunctions of 
Saturn with the Moon during this month, the first occurring March 4, at 5° 36™ 
P.M. central time, with Saturn 1° 12’ north of the Moon; the second March 31, 
at 95 24™ p.m., Saturn 1° 5’ north of Moon. 

Uranus is approaching opposition, and is in good position for observation 
after midnight. For place in the constellations see January No., p. 80. Uranus 
will be in conjunction with the Moon, 1° 35’ north, March 7, at 3® 28™ a. M. cen- 
tral time. 





Neptune will be in good position for observation during the first half of the 
night. For his position in Taurus see our December No., p. 937. 


MERCURY. 





Date. R.A. Decl. Rises. Transits. Sets. 
1893. h m e h m h m h m 

Mar, | G.si. 23 59.8 + 012 7 Ola.M. 1 04.8 P.M. 7 O9 P.M. 
Biteceass O 46.7 + 7 35 ag * 1 ine. 14 * 
Beivasecs 0 52.7 + 9 22 & 68 “ 12 39.0 72a" 

VENUS. 

Mat: Baud 22 12.8 —12 23 6 O3 A.M. 11 18.1 a.m 4+ 33 P.M. 
| an 23 00.0 — 7 55 & 64 ii Zoo “ 4 $3 * 
ye 23 46.1 — 3 06 so 45 * 11 32 - §& 24 “* 

MARS. 

PEGE: Giccs 2 49.0 + 17 05 8 40 4. M. 3 53.5 P.M. 11 O7 P.M. 
Bccics 3 15.5 + 19 00 ee 340.6 * 1? o8 . “ 
Bost 3 42.5 + 20 41 768s “* $73 “ 10: fe -* 

JUPITER. 
Mar. Gian. 1 36.7 + 8 57 8 O02 a.M. 2 41.3 P.M. 9 20P.M. 
1 44.8 + 9 45 tae 2304 ” S$ 63 “ 
1 53.5 +10 34 6 54 * 139.4 ‘“ 8 25 “ 
SATURN. 

Mar. 5...... 12 45.4 — 1 59 7 53 P.M. 1 48.3 a. M. 7 44 a.m 
) |. 12 42.8 — 141 7. 20 1 06.4 * 7 oe “ 
BO iscecs 12 40.0 —- 1 22 6 2 “ 13 we OC G32 * 
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URANUS. 
R. A. Rises. Transits. Sets 
h m h m m h m 
14 33.0 as 10 31 P.M. 3) GA. 8 40 a.m. 
14 32.1 2¢ oo: * ao.&. ** 8s OO * 
14 31.0 2% S36 “ 5.0 7 20 * 
NEPTUNE. 
4 28.4 10 O44. M. 32. : O1 a.m. 
4+ 28.9 5 o-25 * 3.4 : — 
4 29.6 Sue * : ms 55 P.M. 
THE SUN. 
23 06.4 45 6 30 a.M. 5 P.M. 5 53 Pp. M. 
43.0 50 Gan: 2 6S (oe “ 
19.6 OT 5 So ** 2 i? 


Configuration of Jupiter’s Satellites at 8" p. m. Central 
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Phenomena of Jupiter’s Satellites. 
m 

i tele, Mar. 19 O02 P. M. 

Il Ec. Re. 20 6-26“ 
III Ec. Dis. 06 
III Oc. Dis. 21 > 35 

I Oc. Dis 26 5 13 

Il ‘fr. Be. 28 49 

I Sh. Eg. 29 35 

II Oc. Dis. 


Occultations Visible at Washington. 


IMMERSION EMERSION 

Star's Magni- Washing- Angle Washing- Angle 
Name. tude. ton M.T. f'm N pt. ton M. T. f'm N pt. Durati 
h m 2 h m . m 
B.A.C. 7550 1.3 16 42 +8 17 39 281 O 57 
65 Arietis 6.0 6 42 35 36 = =289 54 
39 51 § 33 324 54 
25 47 15 335 50 
44 89 59 ; 15 
46 $1 49 28 03 


and Aspects of the Moon. 

d 

Full Moon Mar. 2 
APpOgee........0+ aéesdeos oe aeceseecn.coeseseocesesoss =o ae 
Last Quarter ace 10 
New Moon ort ti 4 
20 

First Quarter 24 
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Minima of Variable Stars of the Algol Type. 









U CEPHEI. S ANTLLE. S ANTLL Cont. 
Wes Phicrsovesatsascd 0b §2™ 32° 
(oe aan eee “eer TES Re accasssi 9° 27" 30" Mar. 30 or. mu. 
ee ERS Sattespme MeChinccsccccK, —28° 09’ 31 5 A.M. 
1893. POROG icici Thaq7m™ 
Mar. 1 9Pp.M. Mar. 1 2A. Mt: © LIBRE. 
6 9 * 2 a 
11 - ae x 3‘ Re Accson 145 55™ 068 
16 s 3 12 P.M. |), Seen ne — &° 05’ 
21 8 + i * Period..ccsci. «. 2d 7» 51™ 
26 a < 5 1 ae Mar. 3 4 A.M. 
31 7“ 6 6A.M 10 x 
5 6 10 vp. M. 17 x * 
ALGOL. a & a. Me. 24 a 
| A eee 3" 01™ O18 7 9 P.M. 31 a 
a ee ee +40° 32’ 8 5a.M 
go ee 2d 20%49™ 9 _ U CORON-E. 
Mar. 9 10 P.M. 10 a > 
2 G “ 11 se Mt AS 15" 13™ 438 
29 i * 12 > * DOOR. Scccuntente: + 32° 03’ 
A TAURI. 13 ee Pernod. ..ca< 3d 10551" 
ay eee 3h 54™ 35° a Jee Mar. 3 3aA.M. 
12° 11’ is 12° = 
34 20h59m 15 lip. 16 ~~ midn. 
a i eee ws 238 Pow. 
6 10“ 17 7” 30 e = 
10 9 18 OA M. : oe 
14 8 18 9PM. U OPHIUCHI. 
18 zo 19 5 a. M. 
aay 6 * 19 9 P.M. R. A... ...........172 10 56° 
aco : 20 5a. M. DGGE 2. ch sse-sace + 1° 20 
R. CANIS MAJORIS. 91 & Period Be ae Od 90h qm 
|e . eens 7214” 305 22 = Mar. 2 5 a.M. 
| Swe oe ae — 16° 11’ 23 eka a be 
go), | Ae 1d 03516" 24 2 7 6 
Mar. 6 8 P.M. 25 \ oe 8 _ 
7 mm °6 1 13 Ss * 
14 Y ie 26 midn. 18 a 
15 oO = at 11 Pp. M. 23 a 
23 * * 28 6 24 ths 
24+ Midn. 29 10 28 oS 
31 Sp. M. 30 6 A.M. 29 les 


COMET NOTES. 


New Outburst of Light in Holmes’ Comet.—During the past month Holmes’ 
comet has been very faint. On Jan. 12 it was so faint that with a sixth magni- 
tude star in the field of view the condensation about the nucleus could not be seen 
with the 16-inch refractor of Goodsell Observatory, although the faint nebulosity 
of the comet as a whole could just be discerned with the 5 inch finder. On Jan. 
16, however, at 8 Pp. M. central time, we were astonished to find in the place of the 
nucleus, what looked like a bright planetary nebula of about the seventh magni- 
tude. Finding no nebula put down for that place in Dreyer’s catalogue, we tried 


a micrometer measure of R. A. from a 10 magnitude star about 1’ distant, and in 


a few minutes detected motion which agreed with that of Holmes’ comet. The 
nucleus was at first very hazy but afterward became more starlike and about as 
bright as an 8 mag. star. The coma was not more than 30” in diameter and 
very bright, almost as bright as when I first saw the comet on Noy. 11. The 
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temperature was so low on that night (14° below zero F.) that we could not 
safely attempt to put the spectroscope on the telescope. 

On Jan. 17, we received telegraphic announcement of the outburst, it having 
been observed by Palisa at Vienna Jan. 16. On Jan. 18, we again observed the 
comet and tound it still bright. The nucleus was about 8.5 magnitude and more 
star-like than on the 16th. The coma was fainter than on the 16th but its diam- 
eter was more than doubled, >1’, and it was a little elongated in the direction 
45°. We could trace also an exceedingly taint tail extending 3’ or more in the di- 
rection 45°. In the 5-inch finder the taint nebulosity of the November comet has 
almost wholly faded out of sight. It looks as if the new Holmes’ comet were 
about to repeat the phenomena of the first, only on a smaller scale because farther 
away. How this will fit in with Mr. Corrigan’s theory is not easy to see. 

The ephemeris given below was computed from the elements by Professor 
3oss (Astr. Jour. No. 283) which up to the present time represent the course of 
the comet very closely. We do not give the column of ‘ Brightness”’ for it is 
evidently useless to predict the brightness of such an extraordinary object. 


Holmes’ Comet.—Holmes’ Comet has been observed for position at the Dear- 
born Observatory on every clear night since the 21st of November. About the 
middle of December it had become so faint as to be a difficult object for observa- 
tion with the 18l-inch retractor. 

In January the volume had greatly diminished, and the comet appeared as a 
faint nebula. 

On the 14th of January it was observed asa faint, globular nebula about 2” 
ot are in diameter. 

On the 16th inst., however, instead of a faint diffused nebula, there was seen 
a beautiful nebulous star of the 8.5 magnitude. The central portion was star- 
like, and the nebulosity surrounding it was about 10” of are in diameter. 
The remarkable transformation from an attenuated nebula to a nebulous star, 
therefore, must have taken place some time between the 14th and 16thinst. The 
comet was observed again on the 18th, when it presented nearly the same appear- 
ance as on the previous night, except that the nebulous envelope was somewhat 


larger. On the 19th the star-like nucleus had expanded to 3”.7, and the envelope 
was about 7’’.6 in diameter. 


If the comet would retain its stellar appearance it might be visible in all parts 
of the orbit as has already been pointed out by Schulhof. G. W. HOUGH. 
Northwestern University, Jan. 19, 1893. 


Remarkable Transformation of Holmes’ Comet.—Holmes’ comet had become 
exceedingly difficult to see and to measure in the 12-inch. 

It had enlarged and diffused from its previously bright and well defined con- 
dition until at the last observation it was merely a great and feebly luminous 
mist on the face of the sky. There was a small and very faint condensation 
which could be seen and bisected only with the greatest care. 

On the night of Jan. 16 after a spell of clouds and fog, the sky cleared about 
dark. At 6:30 I turned the 12-in. on the position of the comet in hope of getting 
at least one more measure of its position if it could be seen at all. To my aston- 
jshmeni I found in the place of the comet a small, bright, hazy, star-like body. I 
had used a low power (80) for the purpose of more readily finding the comet. I 
was familiar enough with this portion of the sky to know that no nebula like 
this existed there. Several pointings were made to be sure of the position. The 
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place fell exactly where the comet ought to be. There was, however, a nebula 
close to this position (N.G.C.561) and it might be that object brightened up. To 
settle whether it was the comet, ] began to take differences of right ascension be- 
tween the object and a star. These soon established beyond doubt that the 
object really was Holmes’ comet. With a magnifying power of 150 it was about 
1,’ in diameter, round and strongly condensed, but with no tail. Feeble traces of a 
nucleus could sometimes be made out. In the 314-inch finder the comet could not 
be distinguished from a star. It was perfectly stellar and of 712 or 8 magnitude 
—comparisons were made with stars in field of view for its light and such will be 
kept up. 

Careful measures were made of the comet's position with the micrometer. 

At 8°10" a setting of the wires gave the diameter = 29’’.4 my estimate being 
30”. While under observation the comet seemed to be perceptibly brightening. 
Two more observations for its diameter at 92 45" gave 32”.4. At this time the 
nucleus had developed clearly and was very noticeable as a small, ill-defined star. 
I am sure the nucleus was actually developing while under observation. 

At 10° 0™ there was no longer any question but that the comet was getting 
brighter and the nucleus developing, 

An opportunity now offering to observe the comet with the 36-in. I went to 
that instrument. With 520 diameters the comet was perfectly round and fairly 
well defined with a bright, hazy, star-like nucleus. The circular dise of light was 
greenish blue and the nucleus yellowish. The comet was indeed a perfect minia 
ture of the appearance it presented with the 12-inch on Nov. 8th when I first saw 
it. 

I now beyan a series of measures of the diameter with the micrometer of the 
36-in. The definiteness of the outline of the comet may be inferred from the accor- 
dance of the fellowing independent measures: 


h m 

Standard Pacific Time 10 29 diameter = 43 4 
10 30 44.9 
10 31 43.6 
10 42 47.8 
10 43 47.9 
10 45 46.0 
rr 633 47.3 
11.15 461 


Position angle of the wires during the measures = 70°. 

The measures seem to show that the object was expanding while under ob- 
servation. 

This is certainly the most remarkable comet I have ever seen, taking every 
thing into consideration. 

About 9 o'clock a dispatch came announcing that the outburst had alsu been 
observed at Vienna by Palisa. E. E. BARNARD. 

Mt. Hamilton, 1893, Jan. 17. 


Postscript.—Holmes’ comet was observed again with the 12-inch on the 
17th of January. The principal change to record had occurred in the 
nucleus. This was now a bright, vellowish star. The coma by contrast 
or in reality, was fainter, and not distinctly terminated. The comet in appear- 
ance resembled a star shining through fog. Everything in this night’s view was 
subordinate to the nucleus which shone out conspicuously. This nucleus was 
more conspicuous than an 8th magnitude star though it lacked the intensity of a 
stellar point. In the finder the comet appeared, as a whole, possibly a little 
brighter than on the 16th. It now looked like a small, bright, hazy star. 
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With 150 the nebulosity was so indefinitely terminated that only a_ rude 
guess of its diameter could be made. One setting of the wires gave diameter 46”. 

There is no question but that I had actually watched the development of 
the nucleus on the 16th, or if it had existed previously, the unveiling of it had 
heen observed. 

When I first saw the comet on the 16th there were only the teeblest suspicions 
ot a nucleus, the comet being very strongly condensed. By 9 o'clock, or a little 
before, a faint star-like nucleus had begun to show; from this time on it became 
clearer and brighter until the comet was too near the horizon to see. On the 17th 
the nucleus had eclipsed everything else. 

The observations of the 17th were confined to the 12-inch. 

Jan. 18.—The nucleus to-night has faded wonderfully. It is just distinguisha- 
hle—about 13 mag. The comet is somewhat larger. There is a rather rapid 
brightening in the center in which the taint nucleus can occasionally be made out. 

Mt. Hamilton, Jan. 18, 1893. E. E. BARNARD, 


The Recent Phenomena of Holmes’ Comet.—The remarkable phenomena which 
have been recently observed in Holmes’ comet favor in a high degree, the hy- 
pothesis that this body is the result of a collison between two asteroids. The 
first effects of such a collision would be to expand the volume of the resultant 
body, some of the matter whereof would be thrown entirely beyond the sphere ot 
attraction due to the mass of said body. This matter, thus diffusing in space, 
appeared as the rapidly expanding nebulous envelope seen shortly after the dis- 
covery of the comet. But, probably, the greater portion of the matter did not 
pass beyond the sphere of attraction, and if so it must have fallen back toward 
the centre of gravity of the mass. As expansion and separation of the matter 
diminished the brightness of the nucleus, so must the contraction above described 
have increased the brilliancy thereof, producing the effect recently observed. 

Furthermore, the fall of this matter must have generated heat, and another 
vaporous envelope similar in many respects to that produced by the original col- 
lision. In fact, under this hypothesis, we should expect several such alterations 


in the light, and in the dimensions of the body. The heat generated by the fall cf 


matter has also probatly increased the brightness of the nucleus, and the spectro- 
scope will probably throw much light on this point. Another phenomenon which 
would naturally result from such a vollision, would be the rotation of the result 
ant mass: for unless the centres of inertia of the original asteroids, and the point 
ot impact, were in the same straight line, a condition which is possible but quite 
improbable, axial rotation must have resulted and such rotation, it is very ob- 
vious, might produce variations in the light of the nucleus. 

Furthermore, the rotation of such a mass of debris, as it were, would cause 
internal collisions which would result in heating and expanding the mass. 

To one or all of these causes we may, I think, reasonably attribute the re- 
cent remarkable phenomena displayed by Holmes’ comet. 

St. Paul, Minn., Jan. 21, 1893. SEVERINUS J. CORRIGAN. 

Holmes’ Comet—Its Probable Relation to the Zone of Asteroids.—The mean dis- 
tance of this body is 3.58—less than that of Thule or either of several asteroids on 
the outskirts of the zone; its period is 2480 days, also less than those of some 
minor planets; the inclination of its orbit to the plane of the ecliptic is 20°, less 
than that of many asteroids. The eccentricity is almost the same with that ot 
Ethra, the 132d asteroid; the aphelion is within the orbit of Jupiter; the peri- 
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helion distance is 2.17, or less than those of several minor planets. It becomes, 
therefore, a question whether Holmes discovered a comet or a planet. The 
question as to its origin is one well worthy of consideration. If the groups of 
asteroids had separate common origins may not reunions or collisions be also 
possible? Such collisions, however, on account of the small masses and the rela- 
tively slow motions would not be violent. 

The result of observation and discussion in this new field of research will be 
looked for with interest by all astronomers. DANIEL KIRKWOOD. 


Ephemeris of Comet 1892 III (Holmes). 


[Computed by H.C. Wilson and A.G. Sivaslian from Boss’ Elements, Astr. Jour. 283] 





Gr. Midn. App. R. A. App. Decl. logr log J 
h m s : ‘ 
Feb. 2 I 45 43.6 + 33 49 34 0.4332 0.4228 
+ 1 45) 44.3 33 52 23 
6 1 51 47.2 33° §$ 25 0.4357 0.44351 
5 1 54 52-4 33 58 50 
10 1 37 59-7 34 O02 27 0.4352 0.4529 
12 2 OF og.l 34 06 18 
14 2 04 20.5 34 10 22 0.4407 0.4529 
16 2 OF 33-5 34 14 39 
18 2 10 48.9 34 «I9 O9 0.4432 0.4624 
20 2 14 05.5 34 23 49 
22 2 17 24.4 34 28 38 0.4457 0.4717 
24 2 20 44.0 34 33 30 : 
26 2 24 06.4 34 338 42 0.4482 0.4807 
28 2 27 29.6 34 43 54 
Mar. 2 2 30 54.3 34 49 13 0.4507 0.4894 
4 2 34 20.3 34. 44 (37 
6 2 37 47-5 35 OO O05 0.4532 0.4979 
s 2 41 16.0 35 08 338 
10 2 44 45.5 35 18 & 0.4550 0.5061 
12 2 48 16.7 a5 86 51 
14 2 51 48.9 35 22 30 0.4531 0.5141 
16 2 55 22.5 35 26 
ifs) 2 §8 56.2 35 33 «5! 0.4605 0.5217 
20 3 02 31.4 35 39 3! 
22 3 06 07.0 35 45 #11 0.4630 0.5301 
24 3 O09 44-7 35 50 45 
20 3 13 22.7 35 50 2I 0.4954 0.5303 


New Elements of Comet 1892 III ‘Holmes).—M. Schulhof in Astr. Nach. 3140 
gives the following elements of comet Holmes, derived from observations Noy. 


9, 15, 21, 25, Dec. 9 and 13: 


Epoch = 1892, Dec. 13.5, Paris M. T. 
N= 26° 6¢ 33".8) 
— ) &, so ‘ ») 
= ao in 42 Sy 1 | Mean equinox 1892.0 
= 20 ty 22 9 
e= 2 13 32 6 
w= 513".548 
log a= 0.559617 
T = 1892 June 13.2379 Paris m. T. 


Period = 6.909 years. 

These elements agree closely with those of Professor Boss (Astr. Jour. No. 
283) and represent the observations very exactly. They are doubtless very near 
the true elements of the orbit. 

M. Schulhof calls attention to the fact that the orbit of Holmes’ comet resem- 
bles that of De Vico, 18441. The criterion of Tisserand 








aseahaa 


184 Comet Notes. 


1 aay = : 
i Se — *) I COS 1, 
a Ry VE 
in which n is constant through all modifications of the orbit by a single disturb- 
ing body, is quite completely satisfied. 





n 1 y i e a lj 
amet TAGE B iskkss ccckcesnccsecsess’ 0.532 345 332 21 0.41 3.63 149 
Comet de Vico 1678................ 0.542 323 163 3 0.63 3.07 143 
Comet de Vico 1844 I.............. 0.537 343 64 3 0.62 3.10 163 


Comet 1892 I (Swift) is still visible with a 16 inch telescope. It is faint 
round, 30” in diameter, with a slight condensation in the center. Miss F. Ger- 
trude Wentworth’'s elements of the orbit (Astr. Jour. No. 273) represent the ob- 
servations closely. On Jan. 16, the corrections to the ephemeris were + 1° in R. 
A. and — 1.6’ in Decl. 


Ephemeris of Comet 1892 I (Swift). 


[Computed from Miss Wentworth’'s elements (Astr. Jour. No 273) by H.C. Wilson and 
Miss C. R. Willard] 








Gr. M. T. App. R. A. App. Deel. log r log J Br. 
PF 1893 h m s é ’ 
Feb. 5:5 0 40 45.8 +25 23 50 0.62277 0.65664 0.004 
9.5 44 34.0 22 43 0.62702 0.00555 
13.5 48 25.3 23 93 0.03121 0.67419 .0O4 
17.5 52 17-7 24 44 0.63534 0.05245 
21.5 Oo 59 11.4 27 40 0.03943 0.090¢ 4 004 
25.5 I GO 035.5 31 «42 0.64346 0.69805 
Mar. 1.5 04 O18 30 45 0.04745 0.70539 403 
5-5 07 562 42 43 0.65135 0.71235 
9-5 I Ii 51.0 +25 49 43 0.05527 0.71900 0.003 
Ephemeris of Comet 1892 II (Denning). 
[From Astr. Nach. 3140] 
. Berlin M. T. App. R. A. App. Decl. log r log J Br. 
“ied 1893 h m s ; 
Feb. 555 4 04 53 — 17 35.6 0.5630 0.5345 0.15 
9.5 04 29 17 30.0 
13.5 O4 24 17 24.7 0.5711 0.5570 0.13 
17.5 04 37 17 18.0 
21.5 05 «od 17 10.8 0.5791 0.5751 O.12 
25-5 05 «(54 17 03-3 
Mar. 1.5 06 56 16. §$ 7 0.5870 0.5979 0.10 
555 od II 16 48.3 
9.5 09 39 16 40.8 0.5947 0.6163 0.09 
13-5 It 16 10 33:7 ; 
17.5 13 07 RO: 29.2 0.602 3 0.6333 0.05 
21.5 15 O07 16 21.2 
25-5 17. 16 160 15.9 0.6098 0.6489 0.07 
29.5 q i933 — 70 Ti. 
Ephemeris of Comet 1892 IV (Brooks Aug. 28). 
(From Astr. Nach. No. 3131.) 
1893 App. R. A. App. Decl. log r log J Br. 
h m s 
Mar. | 18 06 02 — 38 44.9 0.1586 0.1504 §.53 
2 OF 54 30.4 
3 09 «44 27.5 
4 11 30 19.3 
5 ks 25 10.7 6.1723 0.1534 5-12 
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R.A Decl. log. r log J Br. 
itm Ss 
Mar. 6 18 14 53 — 33 02.1 
7 IO 3 37 53-5 
S iS 04 44.9 
9 19 34 36.3 9.1859 0.1559 4-75 
10 21 ol 27-7 
iI 22 25 19.2 
12 23 «40 10.6 
3 25 04 37 02.1 0.1992 0.1575 4-43 
14 26 «19 36 53-5 
15 27 (3! 45.0 
16 28 40 36.4 
17 29 47 27-9 0.2122 0.1591 4.15 
18 39 +50 19.4 
19 a Si 11.0 
20 32 «48 36 02.5 
21 33. 42 35 54.0 0.2249 0.1599 3-90 
22 34. 33 45-7 
23 35 20 37-4 
24 36 05 29.1 
25 30 47 20.8 0.2373 0.1602 3-68 
26 37. «26 12.5 
27 35 «02 35 04.2 
28 35 35 34 55-9 
29 39 06 47-7 0.2494 8.1602 3-48 
30 oF SS 39-0 
3! 3o Si 315 
Apr. 1 40 15 23-4 
2 40 36 15.5 0.2613 0.1599 3-30 
3 40 52 07-7 
4 41 of 34 90.1 
5 4t 18 33 52-7 
6 iS 4h 27 —- 33 45-4 0.2728 0.1597 3-13 


Comet 1893 I (Brooks, Nov. 18.)—This comet is an easy one to observe with a 
small telescope. Its motion has been quite rapid. Since Dec. 23, it has been 
above the circle of perpetual visibility, but it is now going rapidly south. The 
elements which appear to best represent the observations thus far are the follow- 
ing by M. P. Maitre in Astr. Nach. 3138. The ephemeris which follows was com- 
puted by Mr. A. G. Sivaslian from these elements. 

ELEMENTS OF COMET 1893 I. 
1893 Jan. 6.5355 Paris M. T. 
85° 15’ (05".4 

Q=185 89 05 .6} 1892.9 

#148 52 16 4} 
log q = 0.077328 


@ 
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Ephemeris of Comet 1893 I (Brooks Nov. 19). 


Gr. M. T. R. A. Decl. log r log J Br. 
h m s : 
Feb. 5.5 0 03 50 + 32 17.6 0.1084 0.1483 1.78 
6.5 05 55 31 40.1 
7°5 O71 $5 31 04.2 
8.5 09 49 30 29.8 
9.5 If 39 29 56.9 0.1164 0.1834 1.47 
10.5 13° 25 29 25.4 
11.5 15 06 28 55.1 
12.5 16 44 28 26.1 
13-5 1S 19 27 18.3 0.1250 0.2154 1.22 
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isn. M. 4 R. A. Decl log r log J 
h mm s 
Mar. 14.5 0 19 51 27 31.6 
15.5 21 20 27 05.9 
16.5 22 47 26 41.2 
ie ore 204755 0.1349 0.2446 1.02 
18.5 25 33 28 S49 
S-§ 20 52 25 32.7 
20.5 28 co rae fe 
21.5 29 25 24 51.2 0.1436 0.2713 & 
=o 39 39 24 31.5 
23-5 3! 50 24 12.5 
24-5 33 co 23 54.2 
*5°5 = wee ates 0.1534 0.2950 0.74 
went a5: 87 23 19.5 
27-5 20 «623 22 4 ) 
28.5 37. 28 22 47.0 
Mar. 1-5 oF 3 22 31.0 0.1635 0.3178 0.64 


New Minor Planets 1892 S, T, U and V.—These were all discovered by pho- 
tography in December, the first three on plates exposed by Charlois at Nice and 
the last by Wolf at Heidelberg. 


Photograph. First Observation. 
At . 


1892 By Date. Mag. Sr: MT. R.A. Decl. 

h m hm i =“°s 
Ss Charlois Nice Dec. 8 135 Dec.10 7 22.2 4 34 10.7 27 23 18 
7. Charlois Nice Dec. 9-10 10.0 Dee 11 7 O48 4 54 14.3 $1 37 48 
U Charlois Nice Dec 14 12.0 Dec. 15 6 46.7 4 47 32.5 12 15 40 
Vv Wolf Heidelberg Dec. 16-18 11.5 Dee. 20 9 46.0 5 49 43 2 20 23 34 


NEWS AND NOTES. 


In this number bills will be found for renewal of subscription for the year 
1893, for such as have not already done so. It is very desirable that the pub- 
lisher be notified promptly whether or not subscribers desire t>e continuance of 
this journal for the year 1893. For information see *t Publishers’ Notices"? at 
the end of this number. Foreign subscribers will please notice a small increase 
in price to cover postage occasioned by recent increase of size to be maintained in 
the tuture. 


The French Academy of Sciences honors E. E. Barnard with the Lalande Gold 
Medal.—At the meeting ot the Academy of Sciences of France held December 19, 
1892, E. E. Barnard of Lick Observatory was honored by the award of the gold 
medal for his astronomical discoveries, especially tor his recent discovery of the 
fifth satellite of Jupiter. This new member of the Jupiter system was found last 
September by the aid of the great telescope at Mt. Hamilton. It has since been 
seen by some smaller instruments in this country, viz., the refractors at the Uni- 
versity of Virginia, Princeton and Evanstor, but it is much the faimtest, and the 
most difficult body known in the solar system, and probably it would not have 
been discovered with a less powerful telescope. The smallest instrument with 
which it has yet been seen is 1812 inches aperture, the Clark retractor of Dear- 
born Observatory. 

It may he of interest to some of our readers to know that the Lalande medal 
is given only to original discoverers and investigators in astronomical fields, and 
itis probably the highest recognition of merit from the learned societies in the 


world. It has only been given to experienced astronomers when some great dis- 
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covery has been made. In 1890 this prize was awarded to Schiaparelli of the 
Royal Observatory of Milan, for his observations determining the rotation time 
of Mereury and Venus. Mr. Barnard’s new satellite of Jupiter has been regarded 
in this country and in Europe as the most brilliant discovery of the age. The 
readers of this journal generally know that Mr. Barnard stands at the head in 
comet discoveries in the world, and that he was first to discover a comet by the 
aid of photography. His ability as an astronomer is also recognized by the fact 
that several of the leading observatories of the country are anxiously ready to 


give him place, if he cares to consider their offers. 


Harvard College Observatory, Arequipa, South America.—In a private letter 
under date of Nov. 29, Professor W. H. Pickering writes of his absence from Are- 
quipa in the interior of South America, for the purpose of latitude and longitude 
determinations. He has also measured the height of some of the principal moun- 
tains, presumably the highest on the continent. 

In speaking of the October number of this publication Protessor Pickering 
comments quite at length on the article by M. Deslandres, and expresses great 
pleasure in its perusal. 

Since his return to Arequipa he speaks of being busily engaged with observa- 
tions upon the rotation of Jupiter's first and second satellites, and with observa- 
tions on the planet itself. In connection witli his study of the satellites he already 
suggests some new things that he promises to speak of soon in a communication 
to this periodical. 


Double-Star Orbits Recently Computed by Glasenapp.—Professor Glasenapp is 
continuing his investigation of the orbits of binary stars. He has recently pub- 
lished (A. N. 3119) the orbits of 3 883 (period 16.35 vears), 8 Sextantis, discov- 
ered by Alvan Clark (period 93.92 vears), and @ Ursz Majoris (period 115.4 
years). The last named is OY 208. He has also recomputed the orbit of # Del- 
phini (7 151), using the recent measures of this rapid system, which will soon be 
published. 


85 Pegasi.—Prot. Glasenapp has recently recomputed the orbit of this interest- 
ing binary ( 733) and reduces the period to 17.48 vears. This pair was discov- 
ered with the Chicago 181,-inch in 1878. It is a difficult pair at all times, as the 
components are very unequal, and the maximum distance is only 0’.8. All of the 
positions are by Burnham and Schiaparelli, with the exception of three sets ot 
measures by Hall. The elements were calculated in 1889 by Schaeberle, and a 
period of 22.3 vears found. It has been measured each year at Mt. Hamilton 
since that time, giving data for a more accurate result. The observed and com- 
puted positions agree remarkably well in Glasenapp’s orbit, and the error in the 
periodic time may be assumed to be a small one. There are but five binaries 
known with periods of less than twenty vears, OF 535, 4 989, 4 883, 6 733 and 
é Sagittarii. The period of the last named pair is not altogether certain. Celoria 


found 16 years for 7 151, but this has been shown to be too short. 


Double Star Measures by Leavenworth, 1892.—l’rofessor F. P. Leavenworth has 
recently published in the Astronomical Journal his last micrometrical measures of 
double stars at the Haverford College Observatory. The measures were all made 
in the first half of 1892 with the 10-inch equatorial. The list of stars comprises 
about 90 pairs, the majority of them being 7 stars, for which there are no recent 


measures. 
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Western Union Time;—The unreliability of the Western Union Time service, 
so-called, for railway companies and jewelers is being shown more and more the 
longer it is tried. Recently the clock controlled by this telegraph company on 
Washington time, as it is claimed, has been ordered out of the Union Depdt at Du- 
luth because the Superintendent of this Depot claimed that the time was unrelia- 
ble. The same thing has been repeatedly reported in the publications from other 
prominent cities in the United States. 

The telegraph company assumes to distribute the standard time of the Naval 
Observatory at Washington to all points in the United States for the use of rail- 
road companies and commercial business generally, at certain prices named by 
such company. This time is obtained directly or indirectly through a certain 
clock company in New York, and the telegraph company therefore uses the clocks 
manufactured by that company only. For a similar reason the Western Union 
Company will use time from Washington only. At least Washington time only is 
claimed to be used. This matter has been tested somewhat. The time of local 
observations has been offered to the telegraph company free of charge and such 
offers have been reiused. It certainly would be more convenient for the telegraph 


ces from the wires of railroad companies that take the time of local observatories 
and do not patronize the Western Union time. But the company has refused to 
take the local Observatory time when offered free of charge. Now, why is this? 
Plain enough when the whole plan of this business is understood. It is not be- 
cause Washington time does not cost anything. It is not because the best time 
service is cared tor by the telegraph company. It is not because the best con- 
trolled clocks are offered to its patrons, for the contracting parties had better 
ones in their possession when this time distribution began. What is the root of 
_the matter? The present administration of this Government is about to change, 
and it is a good time for the friends of Colleges and local Observatories to under- 
stand the detailed history of this Western Union deal, and to see if some egregious 
wrongs can not be righted, even though it makes some officials in high places at 
Washington a little uncomfortably warm. 


Position of Nova Auriga for Nov. 1892, by Barnard.—In Month!v Notices tor 
Nov. 1892, Prot. Barnard has a paper on Nova Auriga, giving a brief account ot 
his discovery of the nebulous character of this star in August last, and the results 
of his measures of the companion stars in the field. These stars were carefully 
measured by Burnham shortly after the discovery of the variable. Theagreement 
generally is very close, but Barnard makes the distance of E about a quarter of a 
second greater, which would seem to imply some proper motion on the part of 
the faint companion. 


Motion of > 2525.—Mr. Burnham published a paper on the motion ot = 2525 
in Monthly Notices tor December 1891, giving all of the measures of this pair 
down to that time, with a graphical representation of the relative change. Mr. 
J. E. Gore has used these observations, together with a later set of measures made 
with the Lick telescope in 1892, to compute the orbit by the Glasenapp method, 
(Monthly Notices, Nov. 1892) and finds a period of 138.54 years. He places the 
smaller component in the fourth quadrant. It is a difficult pair, the distance now 
being only 0’7.2. 

J. M. Schaeberle of Lick Observatory planned to start for South America Jan. 
25 to observe the total eclipse of the Sun, April 15-16. 
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y Corone Australis.—Professor Sellors, of the Government Observatory at 
Sydney, contributes a new orbit of y Coronz Australis to the last number of 
Monthly Notices. Using all the measures down to and including 1891, he finds a 
period of 121.24 years. Gore, with the same range of measures, gave a very 
different result (Monthlv Notices, May, 1892), his period being 154.41 years. In 
the last ten years no less than four other orbits have been computed, with periods 
varying from 55 to 93 years. It is difficult to account for these wide discrepan- 
cies, as this is a very easy pair at all times, and the measures should be of the 
highest accuracy. It isevident that for some time to come, careful observations 
are much more important than new elements. 


New Director for Haverford College Observatory.—Professor W. H. Collins has 
succeeded Professor F. P. Leavenworth as Director of the Haveriord College Ob- 
servatory. The latter resigned last summer to take the chair of astronomy in the 
University of Minnesota. Professor Collins will continue the double star work 


which he has been engaged in for several years past under the former director. 


New Nebula.—Professor Swift writes in the August number of AsTRONOMY 
AND AstTRO-IHysics about a new nebula independently picked up by Professor 
Barnard and myself in @, 35 56™ 20°; 6 + 69° 30’ (1890), and about two degrees 
S. E. of the starGamma Camelopardi. He claims to have seen this nebula many 
years ago with his 44-inch comet-seeker. My purpose now is not, however, to 
discuss the question as to priority of discovery but to mention that, while comet- 
seeking on August 19 last, I was surprised to find another new nebula not far 
distant from the one before alluded to. It is rather faint, with nucleus about 
12th magnitude, and very small, but it was sufficiently conspicuous to be dis- 
covered with a power of 40 only on my 10-inch reflector. The position of the 
nebula is 

aw 35 36™ 15s, 6 + 67° 45’ (1890). 

My determination of the place is not likely to be very accurate as I have no 
good observations of the comparison stars. A small nebula discovered by Pro. 
fessor Swift, No. 1469 of the New General Catalogue, lies in the region closely 
contiguous, for it is only 114 degrees E. N. E. of the new object. 

Bristol, England, Jan. 1, 1893. W. F. DENNING. 

The Telescope of the Future.—When in 1825 the Dorpat refractor of 914-inches 
aperture was constructed, it was considered a masterpiece, writes Alvan G. Clark 
in the North American Review, and it was considered the limit had been reached. 
Guinard, however, had made betcer glass possible, and Fraunhofer better work- 
manship. As a consequence there were constructed in 1845 two object glasses of 
15 inches aperture. But this limit was again surpassed when we succeeded in 
procuring discs for an 18%4-inch glass, which were figured and sent to Chicago. 
Then followed the 26-inch lenses of the Washington and McCormick Observator- 
ies, the 30-inch of the Pulkowa, and finally the great 36-inch lens of the Lick Ob- 
servatory. 

It must be remembered that the ground had been disputed inch by inch, and 
that with each succeeding advance the limit of successful glass melting was 
thought to have been attained. Even quite recently a noted optician, speaking of 
the possibility of obtaining discs larger than 36 inches, said it appeared to him 
that the chances of obtaining 40-inch discs in the present state of the art were re- 
mote. And yet there are now in my manufactory two remarkably fine discs of 40 
inches diameter ready for figuring. 
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Who then shall set the limit to this phase of the art considering the great 
possibilities of scientific improvement and advance of the present day, in view of 
what has been already accomplished ? 

Students’ Work at the Underwood Observatory. The Underwood Observatory, 
in connection with Lawrence University at Appleton, Wis., was fully equipped for 
work at the opening of the present College year. The outfit consists of a ten- 
inch Clark equatorial, a four-inch meridian circle, a mean time and a sidereal 
clock, a sidereal chronometer, a chronograph, a spectroscope and filar position 
micrometer. A local time service has been established in connection with the Ob- 
servatory. 

The Observatory work is elective, and restricted to the Senior class in order 
that the number be sufficiently small to give each student plenty of time with the 
iustruments. 

During the present term, two lines of work are being pursued, viz. ,time and 
double-stars. For this work the class is divided into groups of twos, one group 
working with the meridian circle and one with the equatorial each night; by this 
arrangement, each member of the class has four nights per week with the instru- 
ments, two nights with the equatorial and two with the meridian circle. 

Each student is required to determine the sidereal time by his own observa- 
tions, convert the same into mean solar time and determine the error of the 
mean time clock, which error is not allowed to reach a single second. 

In double star work each student makes a catalogue of all stars observed, the 
data contained being the R. A., Dec., Position Angle and Distance. 

They are held to a star until they can not only measure it twice alike, but do 


it correctly. L. W. UNDERWOOD. 


Planisphere by M. W. Harrington.—Recently Professor M. W. Harrington, for- 
merly director of the Observatory at Ann Arbor, and now Chief of the Weather 
Bureau, Washington, D.C., has prepared a movable planisphere showing the con- 
stellations and the principal stars in each, conveniently related by lines to assist 
in tracing them. The old mythological figures have been omitted. The names of 
the bright stars are given, those having less magnitude are indicated by the Greek 
letters in the usual way, while the faintest are shown by dots in their proper 
places without designation, including some stars of the fourth magnitude. The 
printing is white on dark blue paper, securely mounted on heavy board. The cir- 
cular card is a little more than ten inches in diameterand turns on a central pivot 
so that it may be set to any hour of the night, and the principal naked-eve feat- 
ures of the sky are in order before the observer's eye. It is an excellent device for 
self-instruction in regard to the places and names of easy celestial objects that 
any student or teacher might easily know, if only disposed to spend half-hours 
occasionally looking at the evening sky with this planisphere in hand as an inex- 
pensive and a ready guide. 

This planisphere has an important feature that we have not seen in others 
with which we are acquainted, and that is, a means of identifying the planets. 
Upon its reverse side tables are given with easy directions, so that the planets, 
Mercury, Venus, Mars, Jupiter, Saturn and Uranus, can be found when visible to 
the unaided eye. 

The publishers of this planisphere are The Register Publishing Company of 
Ann Arbor, Michigan. Attention is called to the advertisement elsewhere given. 


C. H. Rockwell, of Tarrytown, N. Y., is to spend a portion of the winter in 
California. 
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The Astronomical and Physical Society of Toronto.—At its last meeting in 1892 
of the Astronomical and Physical Society of Toronto, the attendance was large. 
A communication was read from Mr. Maunder, of Greenwich, England, in which 
favorable mention of Flammarion’s recent publication on Mars was made: a let- 
ter from M. L. Niesten of Berlin in regard to the globes of Mars that he makes; 
also from Dr. M. A. Veeder on Aurora. Under the head of predictions for the 
first part of January a very complete list of useful current phenomena was 
named. The annual meeting of the Society was to be held on 10th January, 
1893. 

The title of the paper for the evening was ‘ Before the Beginning,’ and was 
read by John A. Paterson. It consisted of a review of the nebular theory by La- 
Place, with references to Dr. Morrison's illustration, Dr. Croll’s theory, and the 
changeful state of the stuff of which the visible universe is made, in the process of 
time, with some speculation as to the condition of it prior to the date of the be- 
ginning of the La Place theory. The place given to the collision theory is pos- 
sibly too prominent, if the brief review of the paper which we have seen is just. 

The Library of Columbia College Observatory has for sale a set of Astrono- 
mische Nachrichten, Vols. 4 to 123 inclusive. All the volumes are in perfect con- 
dition, and mostly well bound. Address Harold Jacoby, Columbia College, New 
York, U.S. A. 

Chambers’ Handbook of Astronomy.—A subscriber wishes a good second hand 


copy of Chambers’ handbook of Astronomy, third edition, possibly fourth edi- 
tion, if not too expensive. Give information to this office. 


W.E. W., Architect's office, Capitol, Washington, D. C., has one of Fauth’s 
position micrometers for sale, at such figures as may make the purchase an object 
for any one wanting such an instrument. Particulars may be learned through 
the address given above. 

BOOK NOTICES. 
Introductory to Modern Geometry of Point, Ray, and Circle. By William Benja- 
min Smith, Professor of Mathematics and Astronomy, University of the State 

of Missouri. Nev York: Messrs. Macmillan & Co, publishers, 1893. 

Only a cursory examination of the subject matter of this new book shows 
that it is written for a very practical purpose, with the aim to present in a sim- 
ple form, a body of geometric doctrine that should be a standard for admission 
to college, and a knowledge of which is required of Freshmen for entrance to the 
University of the State of Missouri. In its preparation the author, in carrying 
out his aim, has had reference both to the amount and the kind of matter to be 
introduced. Whether he is right in either of these important particulars is a 
grave question now already before the minds of the best mathematicians and 
teachers of higher education in this country. The movement set on foot a few 
months ago by the National Educational Association to discuss and determine in 
the broadest way possible, what should be the proper preparation for a student 
seeking admission to college, was certainly one of the wisest things that could 
have been undertaken at the present time. A proper uniform standard for admis- 
sion to college is, and ought to be a national one, and the manner in which the 
discussion is going on among influential teachers, scholars and authors gives 
strong promise of early and important results. One of the nine topics named for 
this discussion is mathematics, and the branch of geometry is doubtless the lead- 
ing one to claim attention. Anything new or better in regard to this branch at 
this time ought to be examined critically and most thoroughly. For one we are 
glad that Professor Smith has published this new book. For it is a challenge to 
some of the matter and some of the method of teaching the elements of geometry 
incommon use. The first 20 pages is the introduction, which is occupied with 
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geometry as the doctrine of space. Then follow the themes of convergence, trian- 
gles, parallelograms, concurrents, symmetry, circle, the circle as an envelope, con- 
structions and exercises. Thus 140 pages is devoted to linear relations. The 
remainder of the book (150 pages), is given to areal relations, in which the fol- 
lowing topics appear: area, criteria of equality, miscellaneous applications, 
squares, proportion, similar figures, constructions, the traction problem, metric 
geometry, measurement of the circle, measurement of angles, the Euclidian doc- 
trine of proportion, maxima and minima. This book is one of merit. The novel- 
ty of its methods needs to be tested in the class-room. Inthe hands of a compe- 
tent teacher there is little doubt but that excellent results will follow. 


The Academic Geometry. By William F. Bradbury, head master of the Cam- 
bridge Latin School. Part I, Plane Geometry. Messrs. Thompson, Brown & 
Company, Publishers. Boston, 23 Hawley St., pp. 220. 

This new book contains the important theorems of plane geometry. It em- 
ploys good models of demonstration with numerous exercises to test the knowl- 
edge of the pupil as he advances. The hints to teachers to aid them to get into 
the spirit of geometry, in order to teach are excellent. The full list of exercises at 
the close of the book affords ample scope for review to fix in mind the elements of 
Plane Geometry well to aid in further study of mathematics. 


PUBLISHER’S NOTICES. 


The subscription price to ASTRONOMY AND AsTRO-Puysics in the United States 
and Canada is $4.00 per year in advance. For foreign countries it is £1 or 20.50 
marks per vear, in advance. Recent increase in price to foreign subscribers is due 
to increase of postage because of enlarged size during the year 1892. Messrs. 
Wesley & Son, 28 Essex’ Street, Strand, London, are authorized to receive sub- 
scriptions. Payment should be made in postal notes or orders or bank drafts. 
Personal checks for subscribers in the United States may be used. 

Currency should always be sent by registered letter. 

Foreign post-office orders should always be drawn on the post-office in North- 
field, Minnesota, U.S. A. 

All communications pertaining to Astro-Physics or kindred branches of 
physics should be sent to George E. Hale, Kenwood Observatory, of the Univer- 
sity of Chicago, Chicago, II. 

For information of correspondents, the names and addresses of the associate 
editors of Astro-PHysics are given as follows :— 

James E. Keeler, Observatory, Allegheny, Pa.; Henry Crew, Northwestern 
University, Evanston, IIl.; Joseph S. Ames, Johns Hopkins University, Baltimore, 
Md. 

All matter or correspondence relating to General Astronomy, remittances, 
subscriptions and advertising should be sent to Wm. W. Payne, Publisher and 
Proprietor of ASTRONOMY AND AsTro-Puysics, Goodsell Observatory of Carleton 
College, Northfield, Minn.; and the Associate Editors for General Astronomy are: 
S. W. Burnham, Government Building, Chicago IIl.; H. C. Wilson, Goodsell Ob- 
servatory, Northfield, Minn. 

Manuscript for publication should be written on one side of the paper only 
and special care should be taken to write proper names and all toreign names 
plainly. All drawings for publication should be smoothly and carefully made, in 
India Ink with lettering well done, because such figures are copied exactly by the 
process of engraving now used. If drawings are made about double the size in- 
tended for the printed page, better effect will be secured in engraving than if the 
copy is less in size. It is requested that manuscript in French or German be type- 
written. If requested by the authors when articles are sent for publication, 
twenty-five reprint copies, in covers, will be furnished free of charge. A greater 
number of reprints of articles can be had if desired, at reasonable rates. 

Rates for advertising and rates to news agents can be had on application to 
the publisher of this magazine. 
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HOLMES’ COMET, NOV. 8, 1892. EXPOSURE 3 HOURS. 
E. E. BARNARD, LICK OBSERVATORY. 
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